


<e / /) : 


-=NGINEERS 
DIGEST 


REVIEW OF ENGINEERING PROGRESS ABROAD 





JULY, 1944 


CHURCHILL CENTRELESS GRINDING MACHINES. 
Built for precision work and continuous high production. 





THE CHURCHILL MACHINE TOOL CO. LTD., BROADHEATH, Nr. MANCHESTER 


a 


| 














THE ENGINEERS’ DIGES 


REVIEW OF ENGINEERING PROGRESS ABROAD 
Published Monthly at 120, Wigmore Street, London, W. 1. { 
Publishers : ENGINEERS’ DIGEST LTD. - _ ~ - Telephone : WELBECK 935 
Advertisement Dept. - 120, Wigmore Street, London, W.1 - Telephone : Welbeck 93 
Distribution ~ - E.&F.N. Spon, Ltp., 57, Haymarket, London, S.W.1 4 
Telephone : Whitehall 1860. Telegrams: Fenspon, Lesquare, London : 
Editorial Dept. —- - 120, Wigmore Street, London, W.1. = Telephone : Welbeck 93 


Subscriptions to : ENGINEERS’ Dicest Lrp., 120, Wigmore Street, London, W.1, or 
E. & F. N. Spon, Ltp., 57, Haymarket, London, S.W.1 


ANNUAL SUBSCRIPTION OF 12 NUMBERS, £2 2s. SINGLE COPIES, 4s. 6d,. 


ADVISORY COMMITTEE 
erep aes P A., A. ~ z pe ag E. se id tum tho D. Boe M. - aa E., A.M. Inst.N.A. 
: ro 
G. V. LOMONOSOFE, Ait inc, eS KE I.Mech.E. 
B. J. LYMER, M.I.Mech. 
. T. MacIVOR, M.I. Meck. E., M.Cons.E. 
. MAN ING, F.R.Ae.S. 4 
|. MATTHEWS, Wh.Ex., A.M.Inst.C.E., M.I.E.E., F.R.Ag® 
~ L. MELL. ANBY, D.Sc., LL.D., M.1.Mech.E E 
. RATCLIFFE, B.Sc. (Eng. ss Hons. ), M.I.Mech.B. 
aw D. ROWE. 
. SCOB LE, D.Sc. A.R.C.Sc., M.I.Mech.E. 
. SEEWE ER, D.E. (Zurich), M.Inst.C. E., te I. es 
5 $. PARKER SMITH, D.Sc., M.1.E.E., Inst.C.E. 
H. VERITY, A.M. Inst.C.E., AMLEER.A AMLMeiLEl 
;, WALKER, F.C.G. I., B.Sc. (Eng. ), M.Inst.C.E., 
M.1.Mech.E., M. 
r F. L. WATSON, M.Inst.C.E., M.I.Mech.E. 
WATSON, Milnst.C. E., M.I. Mech.E. 
. H. WOODFIELD, M.1.Mech. E., M.1.Struct.E. 
. WRIGHT, Ph.D., M.Sc. 4 
me Oe YATES, P Ph. D., M. Sc. Tech., M.A. A og ), M.I. Mecha : 








° 
Pat 


KINGHAM, B. , A.M. Inst.C.E., A.M.1.Mech.E., 
Bye ttt yaa B. Se {bona )s A.M.I.Mech.E. [A.M.1.E.E. 
. CASWELL, M.Sc., M.I.Mech.E. 
. C. SAFFERY COOPER. 
;, DICK CK, Ph.D., 6 A.M.1.Mech.E, 

E. 


° 
qeace 


n 
fovm 
2. 


> M.1.Mec 
BOX WELL. 5. Sc. (Lond.), F.Inst.P., F.Inst.F., M.Inst. 
. GRIFFITHS, M.Sc. [Ga 
HEYWOOD. , Ph. D., —_ Sc. (Eng.), A.M.I.Mech.E. 
. HUR RST, M. Inst.N 
aes s. IRVING, M.1.Mech.E., M.I.A.E., RES 


F. C. JOHANSEN, M.Sc. (Eng.), 


aga stan wat 


Barts mown 





‘ 


i at / 


TEMPERATURE ALLOY 


** CRONITE” is the Nickel Chromium Alloy of highest commercial grade. ‘‘ CRONITE” 
castings find employment in almost every branch of the engineering industry replacing 
iron or steel for heat resisting purposes. There is no structural breakdown with the 
alloy, retention of shape being maintained almost to melting point. 
Typical Uses at 800° Centigrade and over. 

CASEHARDENING VESSELS. MUFFLES AND FURNACE PARTS. 

ROTATING CARBURIZING RETORTS. FURNACE HEARTH PLATES. 

LeaD Pots. GLass BLOWER NOZZLES. 

SALT BATH VESSELS. PYROMETER PROTECTION SHEATHS. 


AT t Fo wh Ce eS 


(CM A a Le 


Telephone: STAMFORD HILL 4237 





- Bete 


CONTENTS 


** The Engineers’ Digest,” Vol. 5, No. {ze ?. ‘199, 


jour of Rivets during Riveting 


pnverting Two-Stroke Engines for Producer Gas Operation 
“© The Engineers’ Digest,” 


“* The Engineers’ Digest,” 
Fatigue Testing of Metals .. 


Vol. 5, No. 7, p. "205. 


ination of Discontinuities in Sheet Metal by Means of Ultrasonics 
Vol. 5, No. 7, p. 200. 


“© The Engineers’ Digest,” Vol. 5, No. 1c p. ‘211. 


Blastic Properties of Soft Rubber as Basis for Design Application 


a “* The Engineers’ Digest,” Vol. 5, No. 
Binternal Stresses of I-Beams 


“© The Engineers’ Digest,” 
Light Alloy Extruded Sections... hi mn 
“© The Engineers’ Digest,” 


~ BModern Milling-Cutter Production ‘ 
“The Engineers’ Digest,” Vol. »* No. 


ew Formula for Dimensions of Rotor Slots 


“ The Engineers’ Digest,” V Vol. 5, No. 


Pit Coal of High Ash and Moisture Content as Boiler Fuel 
“ The Engineers’ Digest,” 
Planer Type Milling Machines Built from Sub-Assemblies 
** The Engineers’ Digest,” 
ate of Combustion of Powdered Fuel 
** The Engineers’ Digest,” 
Bafety Devices on Presses and Stamping Machines 
“© The Engineers’ Digest,” 
Polubility of Ferrous Oxide in Pure Solid Iroa . 


“* The Engineers? Digest,” Vol. 5, No. 


Some considerations Influencing the Design of Wind Tunnels 
“* The Engineers’ Digest,” Vol. 5, No. 


Vol. 5, No. 


Vol. 5. No. 


Vol. 5, No. 
Vol. 5, No. 
Vol. 5. No. 


Vol. 5, No. 


7, p. 189. 
214. 
. 196. 
,. 204. 
. 198. 
,. 209. 
206. 
,. 202. 
7, p. 212. 
7, p. 201. 


7, £. 191. 


@5-ton Overhead Crane Bridge of Nailed Planks for a 5000-ton Press re 
“* The Engineers’ Digest,” Vol. 5, No. 7, p. 218. 





North-West London and 

North-West Home Counties. 

E. C. P. COKE, 33, Grimsdyke 
Road, Hatch End, Middlesex. 
Tel. Hatch End 922. 


kick Delivery : 


South-West London and 
South-West Home C ti 


Yorkshire. 
W. V. WILLIAMS, Well Close, 


Brighouse, Yorks. Tel. Brig- 
house 476. 


L hire and Cheshire. 





R. E. CROSS, 5, Chinnor Cres- 
cent, West Ridge, Greenford. 
Tel. Waxlow 2545. 


South-West England and 

Wales. 

HOCKING & ORCHARD LTD., 
90, Victoria Street, Bristol. 
Tel. Bristol 24458. 

R. T. BARNES (Hocking & Or- 
chard Ltd.), 25, Stanwell Road, 
Penarth, Glam. Tel. Pen. 274. 

a 

Midlands. 

W. McLEMAN, Whitehouse Farm, 
Nomans’ Heath, nr. Tamworth, 
Staffs. 

J. O'BRIEN, 128, Bradbury Road, 
Olton, Warwickshire. Tel. 
Acocks Green 2021. 


TELEPHONE: SHE 1151 TELEGRAMS: 


ACTIVARGC, PHONE, LONDON. 


F. L. BALLARD, 25, Harboro’ 
Grove, Harboro’ Road, Sale, 
Manchester. Tel. Sale 4697. 

L.W. RANSOM, 17, Lansdowne 
Road, W. Didsbury, Man- 
chester. Tel. Didsbury 3741. 


Eastern Midlands. 


FURSE WHOLESALE LTD., 
Traffic St., Nottingham. Tel. 
Nottingham 8213. 

FURSE WHOLESALE LTD., 19, 
Newarke St., Leicester. Tel. 
20562. 

FURSE WHOLESALE 
Victoria Buildings, 
Road, Derby. Tel. 
45494. 


LTD., 
London 
Derby 


CABLES: 


WELDING EQUIPMENT 


TECHNICAL REPRESENTATIVES : 


East Anglia. 


SUFFOLK IRON FOUNDRY 
(1920) LTD., SilfbronzeWorks, 
——— Tel. Stowmarket 


N.E. Coast. 
J. F. HOLLIDAY, 2, Queen Street. 
Seaham, Co. Durham. 
2 


Scotland. 


THE SURE-ARC ELECTRODE 
‘©. LTD., 97, Douglas Street, 
Glasgow, C2. Tel. Centrai 
3329. 


F.W. CALOW ore... M. R. 
GIBSON. R. H. STO 


N. Ireland. 


BELL & HULL LTD., 17, College 
Street, Belfast. Tel. Belfast 
24255. 


ACTIVARC, LONDON. 




















THE ENGINEERS’ DIGEST 189 


THE ELASTIC PROPERTIES OF SOFT RUBBER AS BASIS FOR 
DESIGN APPLICATION 
By Dr. Ing. H. RogLtic. (From Zeitschrift des VDI, Vol. 87, No. 23/24, June, 1943, pp. 347-351.) 



































THREE main groups of properties of soft rubber are of free section. The modulus of elasticity varies also 
practical importance, mainly :— with the loading, but this can be neglected when 
1, The strain energy, a measure for which is the considering the linear part of the curves in Fig. 1. 
hardness or softness of a kind of rubber; or With this simplification Fig. 2 shows the modulus of 
; better, the load-deflection diagram. elasticity plotted against form factor for various values 
: 2. The elastic behaviour, which is characterised of softness. All these relations are valid at and around 
4 pecially by the a ees due to load 
and the permanent deformation on unloading, 
and dynamically by damping. wt = =—- => 
3. The mechanical strength determined by the GE™* icvcinoeR 72 37 
tensile stress of soft rubber and its adhesion to 8 40o+-—___1_-____;— ae 
metals when bonded with the latter. Fd RECS Se ee | 67 00 
t A 
STRAIN ENERGY. g 300! 
German requirements are laid down in the DVM 3 : pe ~ 
and DIN standards, in which hardness or softness is % 200 L Z| pt 63 
defined as the resistance to penetration of a loaded ball. 3 i a 
To the engineer this, however, offers no criterion ; g ou La 
what he is interested in is the spring diagram, i.e., the 100 = — —< 32 110 
load-deflection characteristic. This has been plotted ee _——— a 8 
in Fig. 1, from which it can be seen that below O é 5 
15 per cent shortening the curves are linear, so that FORM FACTOR O'5 ! 15 23 
from the slope the modulus of elasticity in compression z 3 
can be calculated. This modulus for softness 102 is 2 


Fig. 2. Modulus of elasticity in compression and form factor 
for various soft rubbers. 

+20 deg. C. Matters are different, however, at 

temperatures below freezing point when soft rubber 

hardens rapidly and loses its elasticity. This is shown 

for four kinds of rubber in Fig. 3; the test samples 

and loading period are identical to those of Fig. 1. 
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Fig. 1. Load-deflection diagram for various soft rubbers 
in compression. 






16 kg./cm.?, and for softness 26, 145 kg./cm.2. The Bs) -40 20 © 20 40 60 80 !00 120°TI40 

tests on which Fig. 1 is based have been made with Test temperature 

cylinders of 20 mm. diameter and 20 mm. length ; Fig. 3. Modulus of elasticity in compression against 

the loading period was 1 sec. The shear modulus in temperature. 

the technical range is independent of loading and shape Soft rubber is often used in a static way, e.g., for 

of the test sample, and is listed in Table I. sealing purposes. In springing, couplings, and with 
The modulus of elasticity in compression is tyres, however, dynamic loading is encountered. For 

dependent on the form of the test sample. The important this type of loading the modulus of elasticity is higher 

parameter is the ratio of length to diameter, and this is than for the static modulus. This is due to the fact 





extended to cover also hollow cylinders. Thus, the 
form factor is defined as the ratio of loaded section to 


TEST SAMPLE “CYLINDER SOmm DIAMETER 























k 6 we LENGTH 
TABLE I > LOADING: 21 

| Soft | Modulus of | | | | 5 

| ness | Elasticity in | Elon- 3 
“ | accord- Compression, | Shear | Elastic | Damp-| Tensile) gation bY 

| ing to kg./cm.2 modu-| after | ing (strength) at ° 
SS Ry forform factor| lus effect per cent|kg./cm.”) rupture $ 
, | eg [rT er Sa eal per cent| \per cent 3 

| Fe) 
- | | | | | $ RATE OF LOADING 
» | | 5 4 y 
ee ele | el a] B) ge ols Lhe Lime | ines hee 
| } | 3 = < < = 

0} 7 | 40 183 5 21 | 16 | 88 | 420 ie 1 1 1 Ot IO Hz 10° 
4 _ 60 260 7 18 | 16 100 | 350 wisavacharee 

100 = 400 | 12 25 | 20 138 | 250 Fig. 4. Modulus of elasticity against rate of loading and 





frequency. 
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hardness 63) at constant loading. Expressed in pe. 



















































































































































































































































































































+ : : 
yi [PERMAMENT DEFORMAT centage of total deformation, the elastic after-: ffect jn 
loading on the permanent deformation after uw loading 
z are the characteristics of elastic behavior. The elastic By | 
z after-effect has been found to be between 5 to 40 per cen; 
2 zg] | [vest sawece fF of the total deformation, while the permanent d:form;.§ APART 
8 z CYLINDER 200m DIA,20a0, HIGH tion is in the limits of 1 to 10 per cent. These dang speed: 
é - Z LOADING: 10kg/cm* apply to a test secon 
a - = temperature jg when 
3 90F § T "e] + 20 deg Cl meee 
z z gz = Vij, The — variation of the 
3  ” ee 24 with temper. TI 
} cLASE Arven crrecy & <|| ture is shown ing same 
< <3 Figs. 6 and 7, consis 
Pal 2 F ratio 
| Fig. 8. 4 
Load-deflectiog leadin 
Loxoine oADine Deformation [%] pom nee iol orl 
i 10 10% 103s. 10%! (O° 10°" Oo" 610% Dynamic Loading. one fe 
bapa never phat gira In addition to the elastic after-effect as defined fo and o 
Fig. 5. Time-defiection diagram for soft rubber of DVM- i i i i i i 
softness 50 (Shore hardness 63) at constant loading. rovongt ean. ng ’ peace ey Denbons: d Reg th 
that with soft rubber a certain percentage of the total to internal friction, e.g., the well-known heating of cham 
strain energy is not consumed immediately, but requires a high-speed tyre. The damping can be found byf closec 
some time. The greater the rate of loading, the higher making oscillograph records of a dynamically loaded§ moun 
the modulus, i.e., the harder the rubber appears to be sample where the loading curve and the unloadi relati 
in effect. For rates of loading between 12 hours and curve do not coincide. Such a load-deflection curve if amou 
1/16 seconds, the modulus of elasticity is shown in shown in Fig. 8, and the percentage damping is th the j 
Fig. 4. ratio of the areas F,/F,; the slope of the major axis stagn 
THE ELASTIC BEHAVIOUR of the hysteresis-ellipse (loop) gives the dynami T 
Static Loading modulus of elasticity Eayn. The percentage dampin 
The time effect on the total strain is a measure for for technical soft rubber between +20 deg. C. anf ynit 1 
the elastic behaviour of soft rubber. To illustrate this, +80 deg. C. is between 3 and 40 per cent. For other 
reference is made to Fig. 5 where a load-time diagram temperatures the various hysteresis ellipses have beef tiplyi 
is shown for a rubber of DVM-softness 50 (shore ° taken and the ratios F,/F, determined. These, together along 
with the dynamic modulus of elasticity, are plotted inf areg 
100 l “pu: Fig. 9 against temperature. The freezing temperature, 
Test sample : Cylinder ; A A iH 
cage - pera? 3, 20mm.dia., 2Ommhign. i.e., the temperature at zero damping, is for the testedJ 4 _ 
ities Loading: tOkg/ent pressure. soft rubber—33 deg. C. The damping curve shows d 
80}-4 great similarity to the curves in Figs. 6 and 7 for the wect 
x elastic after-effect ; in static test, however, the dynamic| =e 
, | test gives higher freezing temperatures. caineal 
a MECHANICAL STRENGTH. the ¢ 
v \ cee ; 
& Ls From the design point of view, no great importance§. depe: 
® 40 | , IN — ; can be attached to the tensile tests which are being don:§ (of t! 
v \ ay in accordance with DIN DVM 3504. The question§ enco 
a —— as to allowable loading in compression and in sheaf woul 
s N : nee ag P 
we | | is of practical importance. In general, the allowable 
] loading should not exceed 10 kg./cm.?. 
d Of great importance in design is the adhesive 
o strength of soft rubber bonded to metal, wood or 
“60 -40 - 4 ; synthetic materials. Static tests of natural and 
60 -40 -20 O 20 40 60 80 100 120°C140 xs . 
Test temnerature synthetic rubber have shown that the adhesive strength 
Fig. 6. Variation of elastic after effect with temperature at +20 deg. C. is of the order of 30 to 60 kg./cm.’ 
for 3 types —— atu between These values decrease with increasing temperature and 
Bottom curve, Natural rubber ; middle and top curves Buna rubbers. po ty at wien — ei age rf sao tests 
site 8 : give lower values dependent on shape and frequency. 
° | Test sample :Cylinder 2700 
% | kgjent 20mm. dia.,.2Omm.high =| ton : | 
\\ eegiegs pressure. BOF 24 Ol aq | 
& Bo 8B \ 
SY 1S ; 7 2! + = 
2S rs | | ‘ 4 } 
= 601% 600 1 6 218 , \ 
a 5 | rn 7 SOhR 15 \ = 
7 3B | ' % z 4 Y damping 
58 in? 4 { N - 6 {2 I} j 
He B \ =| Llastic att —§ S302 9 
E 520: £ 2 > # <4 3 | \ 
&yeo . I i E 2013 \ 
lie | modulus of compressi: go | \ ‘~ 
Se em ! x 
d T_T ee SS 
-60 -40 -20 O 20 40 60 80 100°C!20 Oo 4 L 
Test temperature -60 -40 -20 O 20 40 60 80 100 !20! 
Fig. 7. Variation of elastic properties of sprayed sealing Test temperature 


with temperature ; DVM-softness 47 (Shore hardness 65), Fig. 9. Percentage damping and dynamic modulus of elastic! 
For this material best application at + 60 deg. C. soft rubber against temperature. Frequency 1000/min) 
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SOME CONSIDERATIONS INFLUENCING THE DESIGN OF 
WIND TUNNELS 


By G. DarrikEus, Cie. Electro-Mécanique, Paris. 


(From The Brown Boveri Review, Vol. 30, Nos. 7/8, July to 


August, 1943, pp. 168-176). 


AparT from the essential condition for similitude at low 
speeds, i.e., the constancy of the Reynolds number, a 
second criterion, the Mach number M is involved, 
when the velocity of air approaches that of sound. The 
maintenance of M is incompatible with the maintenance 
of the same Reynolds number for a given density. 

The only solution enabling the maintenance of the 
same Reynolds number without increasing the velocity, 
consists in increasing the density of the air in inverse 
ratio to the reduction of the linear dimensions, thus 
leading to the creation of variable density wind tunnels. 
Such tunnels are, unfortunately, very expensive to 
build, so that there are only a few in existence, namely, 
one for 20 kg./cm? abs. at Langley Field in the U.S.A., 
and one for 25 kg./cm?. abs. at Teddington in England. 

Generally, because of the better accessibility of the 
model, an open jet, that is one traversing the test 
chamber without any lateral guidance, is preferred to a 
closed one; but this greater convenience for the 
mounting of the model is obtained at the cost of a 
relatively large pressure drop and of an appreciable 
amount of turbulence in the transition layer, separating 
the jet containing the model from the more or less 
stagnant atmosphere of the room. 

The corresponding loss, referred to the energy per 


Pp 
unit mass — w? in the jet, is obtained simply by mul- 
2 


tiplying the average coefficient of friction cr = 0.02 
along this surface of discontinuity, by the ratio of the 
area of this latter to the section of the jet, i.e., by 


l 
4 -, where / and d denote the length and diameter re- 


d 

spectively, of the free portion of the jet. This loss 
reaches already 12 per cent for a length between the 
nozzle and the diffusor equal to 1.5 diameters, whereas 
the corresponding loss for a fully guided iet, which 
depends on the very much smaller coefficient of friction 
(of the order of 0.002 for the Reynolds numbers here 
encountered) between the fluid and the solid wall, 
would be about ten times less. 


Since the efficiency or coefficient of use of the tunnel* 
depends to a large extent upon this loss, it would seem 
advisable, out of consideration of the power required to 
obtain a particular result, in spite of the disadvantage of 
poorer accessibility, to employ a guided jet, which due 
to its 1.5-2 times higher coefficient of use would enable 
a very much larger jet and especially a very much greater 
homogeneous core to be obtained with the same power. 

An interesting compromise which has been pro- 
posed on a number of occasions, but which does not 
appear to have been put into practice in spite of the fact 
that it offers definite advantages, consists in the use of a 
partially guided jet, that is one guided only by a roof 
and a floor connecting the mouth of the nozzle with the 
diffusor, and leaving large openings on each side of the 
jet, thus affording almost the same accessibility as an 
open jet. 

Such a solution offers in addition to the increase of 
efficiency resulting from the reduced pressure loss 
during the passage of the jet through the test section, the 
further advantage that the corrections for taking into 
account the finite dimensions of the jet, either vanish or 
become very small, as might be expected from the fact 
that the corrections for open and closed jets are equal in 
magnitude, but opposite in sign. 

COMPARISON BETWEEN OPEN AND RETURN- 
FLOW TYPES OF WIND TUNNELS. 


In the open type of tunnel the air is drawn in from 





*The coefficient of use g or quality of the wind tunnel (including 
the blower) is the ratio of the isentropic power Lo of the compres- 
sion which would be necessary without any recuperation of the 
velocity, to the power L, actually taken by the compressor or, 


p 

dp 

ae 
p 


q=Lo:L= 


p—o?P 

where p is the pressure in front of the nozzle, p-§p the pressure in 
the test chamber, and p the density along an isotropic line, passing 
through a point corresponding to the conditions at the compressor 
suction. For moderate Mach numbers, g=” 4p nozzle: 4p com- 
pressor, 7 being the efficiency of the compressor, and Ap nozzle: 

|p compressor a factor, which for low Mach numbers corresponds to 
the loss coefficient of the circuit. 
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Fig. 1. Return-flow wind tunnel. 
The air flows from the diffusor outlet back to the inlet through a cylindrical stabilizing grid in front of the nozzle. 
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the outside atmosphere or from the building containing 
the tunnel, where the return-flow velocity is negligible. 
(First built by Eiffel, and many since erected in France). 

There is, therefore, a lowering of the pressure in the 
test chamber through which the jet passes, which is 
proportional to the square of the velocity of the jet, 
necessitating special arrangements for communication 
with the exterior during operation, and possibly inter- 
fering with physiological observations when the de- 
pression attains appreciable values (about 85 mm. w.g. 
for 140 m./s.). 

The majority of modern wind tunnels are therefore 
of the return-flow type, an arrangement employed by 
Prandtl, and in which the air flows in a closed circuit 
(Fig. 1), thus enabling the test chamber to be left in 
communication with the atmosphere at normal pressure. 

Whereas with an open tunnel, the residual velocity 
of the air at the outlet of the diffusor is lost, the return- 
flow arrangement attempts to conserve this velocity and 
the corresponding kinetic energy, thus hélping to over- 
come the pressure drop in the bends and along the 
ducts. 

By employing deflecting vanes of a suitable profile, 
the pressure drop in the bends can be reduced to 


p 
0.15 — w* (p being the density and w the mean velocity of 
2 


the air normal to the corresponding sections), but even 
with this precaution the four changes of direction and 
the straight paths separating them would give rise to 
intolerably high losses if the velocity were not as in the 
case of open type tunnels progressively reduced along 
the circuit by a series of successive enlargements of the 
cross-section. 

Such a measure out of regard for the efficiency is, 
however, in line with the more recent preoccupation 
towards reducing the turbulence of the jet which also 
leads to the use of large sections in the return-flow 
section and of large air volumes where the air has time 
to settle before again entering the filter; so that in 
general, although the open tunnel of the Eiffel type is 
longer owing to the length of their diffusor, the return- 
flow type of tunnel, being greater in width, occupies 
finally an area at least as large. 

The natural temptation to keep the costs low even at 
the expense of the efficiency may, however, lead to an 
excessive reduction in the size of large return-flow 
tunnels, so that in some cases it was found that the wake 
set up by the model did not have time to dissipate itself 
in the journey round the circuit, giving rise to trouble- 
some interference or to uncertain corrections. 
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On the other hand, return-flow tunnels, unli\ open 
tunnels, at any rate those drawing the air in fr ‘1 the 
atmosphere, are unaffected by the weather conditions or 
by the prevailing wind, but this advantage is partly 
nullified in the case of large installations, by the ne- 
cessity of renewing a considerable fraction at every 
circuit due to the rapid heating up of the air. 

For instance, the rise of temperature resulting from 
the destruction of a velocity of 200 m./s. amounts to 
1 (200)? 

—- —— = 20 deg. C.*, the final increase in tempera- 
2 1000 

ture per circuit will be 3 deg. C. assuming the quality 
figure of the tunnel to be as high as 7, so that a 10 per 
cent renewal even if followed by a perfect mixing, would 
still leave a rise of temperature of 30 deg. C., which, in 
most cases, could not be allowed. 

In regard to the efficiency or coefficient of use, which 
depends on many factors capable of variation at y jl] 
between fairly large limits, it may be said that neither 
type, open or return-flow, presents any fundamental 
advantage over the other. 

The loss coefficient of 0.15 applying to bends con- 
taining a grid of deflecting vanes, is very high, even for 
the best profiles, compared with the value which might 
be expected on the basis of tests on individual profiles, 
The reason lies undoubtedly in the magnitude of the 
deflection (90 deg.) which these vanes must impart to 
the stream and in the high value of the resulting tip 
losses. 

Since these losses, being of the same nature as in- 
duced resistance, are roughly proportional to the square 
of the circulation, it is to be expected, as indeed has been 
proved by experiments on compressor blade rings, that 
they could be considerably reduced by splitting up the 
deflection into several stages of, for instance, 30 deg. as 
illustrated in Fig. 2. The total surface of the vanes is 
not increased, and it is possible to increase slightly the 
section of each successive row to compensate at least as 
far as the static pressure is concerned, the loss due to the 
grating. 


THE FILTER AND THE REDUCTION OF THE 
TURBULENCE IN THE JET. 


To obtain a perfectly homogeneous flow of all 
turbulence, air would have to be aspirated into the 
nozzle from an infinite air space entirely at rest. In 
reality, both with return-flow and with open tunnels 





*The specific heat ‘of air at constant pressure and at normal 
temperatures is very nearly 1000 kilojoules per ton deg. C. 
TA. Meldahl, The Brown Boveri Review, Nov., 1941, p. 356. 





















































Fig. 2. Return-flow wind tunnel. 
With deflecting vanes at the bends split up into steps of 30 deg. ' " 
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Fig. 3. Conditions at the nozzle inlet 
As a consequence of the Helmholtz vortex law an increase of the 
yelocity in the ratio of causes the longitudinal components of the 
urbulence to diminish in the ratio of m, and the transversal com- 


ponents to increase in the ratio of Vn 

drawing in air from a large building or from the at- 
mosphere, where some wind is almost invariably 
present, there are always certain initial residual velocities, 
the transversal components of which are magnified by 
the suction effect of the nozzle into longitudinal eddies 
or vortices, which, according to experience, occasionally 
manifest themselves by condensation of moisture, or by 
shadows cast by the refraction of incident light. 

If we denote by 7 the ratio in which the mean velocity 
uis magnified by the nozzle, or the corresponding ratio 
of the sectional areas beyond a certain point where the 
initial components of the stray velocities due to turbu- 
lence along and perpendicular to the direction of flow 
are u, v and w, respectively, then as shown by Prandtl, 
according to the Cauchy-Helmholtz theory of the 
conservation of the circulation around the boundary of 
the fluid, an elementary parallelepiped would be 
elongated in the ratio of n, and its transverse dimensions 
would be contracted in the ratio of ~/ n, implying 
alterations in the inverse ratio of the fluctuating velocities 


u = = 
which become -, v / nand w / n, respectively. The 


n 
fictitious pressures along the three principal axes p u?, 
pv" and pw? associated with the correlative exchanges of 
motion together with the corresponding contributions 
. the kinetic energy, are thus multiplied by the factors 


—,nand n, 
n 
If, for instance, the initial turbulence is isotropic, i.e., 
the mean values of the velocity components along the 
three axis are equal (u2 = v? = w?), the final energy will 


y. 
— + 2n }, that is, 6.6 if 
n2 
n= 10, so that, although the rapid contraction of the 
flow tends to equalize the axial velocity by reducing its 


be increased in the ratio — 
3 


fluctuations in the absolute ratio of — or in the relative 
n* 
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ae n 1 
ratio of — and diminishes in the ratio of —.__ — 


n® n / n 
the angle of deviation of the stream lines, it intro- 
duces a considerable increase in the energy of turbulence. 
This increase of energy is, moreover, associated with 
an additional pressure loss, due to the increase of the 
transverse pressures pv*, »w* by means of which the 
fluid so to speak supports itself against the converging 
walls of the nozzle.* 

The best location for the filter or honeycomb 
destined to rectify the lines of flow and to render the jet 
uniform is, therefore, at the inlet to the nozzle, with 
dimensions as large as permitted by considerations of 
symmetry about the axis, because, not only is the corre- 
sponding pressure drop, which is proportional to the 
square of the velocity, thus reduced, but the filter is also 
much more effective due to the smaller amount of 
turbulence which has to be destroyed, the subsequent 
rectification of the stream lines in the converging 
portion, the partial dissipation of the fine residual 
turbulence caused by the wake of the vanes of the filter, 
in the longer path up to the test chamber. 

It is customary, for the sake of simplicity and of 
economy, to build the filter of thin plates (Fig. 4), but 
stream-lined profiles with well-rounded noses are 
preferable, because the pressure drop with an initially 
uniform and parallel flow is no greater than that for flat 
plates (in which case, no filter is necessary), whilst the 
absence of separation in case of oblique incidence gives 
them a superiority which manifests itself in a consider- 
able reduction of the wake, of the pressure drop and of 
their disturbing effects. 


Fig. 4. 








Stabilizing filter 
consisting of thin 
plates. 


Due to the initial 
turbulence, the in- 





cident flow is not 
normal, resulting in 
separation and in an 
increase of the pres- 
sure drop. 





Still more advantageous is the fact that in a grid 
composed of ideal aerofoils, the reaction of the fluid is 
perpendicular to the vector average of the inlet and 
outlet velocities, which means that there is a component 
along the direction of flow which may even exceed the 
pressure drop due to friction, and representing a re- 
cuperation at first sight paradoxal, but, nevertheless, 
theoretically possible, at least as far as the main com- 
ponents are concerned, of the turbulence energy. 

The majority of filters in existing wind tunnel in- 
stallations will consist of a few coarse pitch relatively 
short cells which only partly fulfil their role by substi- 
tuting for the initial turbulence, the marked and per- 
sistent wake of their partitions, whereas the acknow- 
ledged importance of a jet as nearly free from turbulence 
as the atmospheric air at a sufficient distance from the 
ground, for a correct interpretation of the varied wind 
tunnel tests, particularly of those made on wing profiles, 
now leads to the use of closer pitched and generally 
longer filters, the residual turbulence of which, being 
much finer is much more rapidly dissipated. Ex- 
periments made with a temporary grid which for 





*The investigations of the author (5th Congress of Applied 
Mechanics at Cambridge, U.S.A., 1938) on the mechanics of the 
energy exchange between cellular vortices into which turbulence can 
be resolved, suggests the possibility of calculating a period of decay 
for the temporary anisotropy “ adiabatically ” introduced into the 
fluid by its sudden deformation, and in this way, starting from the 
experimentally determined turbulence spectrum, to arrive at a 
rational interpretation and determination of the length of the 
mixture path of Prandtl, 








_ 
‘oO 
> 


Fig. 5. Stabilising 
filter with stream- 
lined elements. 
Separation no longer 
takes place when the 
incident flow is not 
normal, thus reducing 
the pressure drop. The 
reaction of the blades 
which is normal to the 
vector average of the 
inlet and outlet velo- 
pe cities causes a small 

increase in pressure 


corresponding to a par- 
tial recuperation of the 
turbulence energy. 


reasons of economy was placed near to the end section 
of a 5 cm. dia. nozzle showed that although the level of 
the fine turbulence thus obtained was relatively low 
(4/ u®: V less than 1 per cent), the individual wakes of 
the plates of 100 mm. pitch and 200 mm. depth, at 
higher velocities, and contrary to current views, could 
still be distinctly detected at distances up to 8 m. from 
the mouth of the nozzle. 











iy 


Fig. 6. 
Stabilizing filter. 


Common §arrange- 
ment in a return- ~~ 
flow tunnel. 






For return-flow wind tunnels, the simplest type of 
filter consisting of prismatic cells located at the widest 
section, is quite suitable. The depth of the cells may 
be as much as 5 to 10 times the pitch if it is desired to 
reach a very low turbulence (in some recent installations 
the use of a very fine filter combined with large reduc- 


tion ratio n of the section has enabled the ratio ~/ u? : V 
to be reduced to less than 1/1000). A particularly 
favourable form of filter for open tunnels (Fig. 7) re- 
specting the symmetry of flow about the axis (which is 
not the case with filters of the converging square cell 
type), and which, not comprising any generated surface, 
lends itself readily to a simple and rigid design, consists 
of a set of radial partitions of stream-lined profile braced 
together by short stays in polygon form, so as to con- 
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stitute a nest of pyramidal cells of approximat: !y cop. 
stant proportion, but increasing in size from the centre 
to the periphery. 

Another simple design (Fig. 2) consists of a kind of 
cylindrical lantern with rectilinear and parallel vanes of 
constant width, disposed between the end wai! of the 
building and the bell-mouthed inlet of the nozzle. 
Such filters ensure a good rectification of the air fil 
ments and a low residual turbulence at the cost of a 
negligible pressure drop. 


THE PROPORTION OF THE JET. 


The maintenance of a uniform flow, at least in the 
inner zone of the jet, depends on the conditions of en- 
largement of the jet between the nozzle and the diffusor, 
It has been tried to express the latter section as a function 
of the length of the jet but this led in the majority of 
existing installations to an underestimation of drag, 

Experience shows, and this is borne out by the 
application to this case of the semi-empirical diffusion 
theory* of Prandtl-Tollmien, that the correct enlarge- 
ment for a free jet length equal to the diameter is 3.5 per 
cent. 

It is, however, true that a larger section at the inlet 
diffusor, by allowing a reduction in length of this latter 
and of the kinetic energy to be recuperated therein, 
results in a higher efficiency of the installation and that 
regard for the size of the wake of the models, when the 
couple which they produce is appreciable compared 
with the size of the jet, also leads to a wider section, so 
that the most favourable enlargement should be finally 
chosen somewhat greater than the theoretical one (for 
example, of the order of 10 per cent for L = D). 

The use of a variable inlet opening enables, moreover, 
a subsequent adjustment to be made. Such a solution 
which has been employed by Prof. Ackeret for the 
octagonal section of his wind tunnel at the Swiss 
Federal Institute of Technology, Zurich, can be applied 
to a circular section split up into four sectors (Fig. 8), 
and can be conveniently combined, both with the 
arrangement suggested above of suspended roof and 
ceiling for partially guiding the jet, and with the circular 
slot which sometimes has to be provided near the entry 
of the diffusor for preventing vibrations. 

VIBRATION OF THE JET. 

Although the mechanism of this phenomena has not 

yet been entirely elucidated, so that it is not possible to 


ensure its absence at the time of designing the tunnel, it 
is evidently related to the instability of surfaces of 








*A, M. Kuethe, “ Investigation of the turbulent mixing regions 
formed by jets,” Journal of Applied Mechanics, Sept., 1935, p. A86. 





Fig. 7. High-speed wind-tunnel. 
With guided jet for tests on engine gondolas. Diameter of jet 15 m. 
Air speed 150 m,/s, (540 km,/hr,). Motor power. 40,000 kW, 
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yelocity discontinuity, already studied by Helmholtz, 
and appears to depend neither on the genera] design of 
the wind tunnel, nor on its natural resonance frequency, 
but practically exclusively on the length of the test 
chamber, because -the vibration frequency corresponds 
asa rule to the semi-wave length of this chamber. 

This vibration is either maintained or damped by a 
mechanism akin to that of organ pipes, depending on the 
phase at which the periodic alternating expansions 
and contractions originating at the outlet of the nozzle 
under the influence of the pressure variations along 
the contour of the jet occur at the inlet of the diffusor. 
These successive bunchings which in damp weather are 
well shown up at the periphery of the jet by a fog of 
condensed moisture, are propagated with a velocity 
approximately equal to half the jet velocity. 

If no modification of the length of the chamber is 
possible, the necessary damping effect is commonly ob- 
tained by placing the chamber in communication with 
the diffusor by means of a circular slot in the latter. 

PROPORTIONS OF THE DIFFUSOR. 

It seems to be advantageous in the case of tunnels 
with an open jet, especially when the open portion is 
fairly long, to place, in front of the diffusor, a short 
cylindrical section in which the profile of the velocities 
has the opportunity of adapting itself to the new con- 
ditions, and where a certain amount of the pressure is 
recovered. The opening of the diffusor, which is often 
fixed at 7 deg., should in reality be made progressively 
smaller as the Reynolds number increases. As a com- 
promise between the frictional losses, and those due to 
the inequality of the velocity profile, it may be as low 
as 5 or 6 deg. in large wind tunnels, and cannot be in- 
creased beyond 9 deg. to 10 deg. without entailing a 
serious sacrifice in efficiency*. Another objectionable 
consequence of an exaggerated opening is the accentua- 
tion of the inequality of the profile of velocities, which 
results in poorer operating conditions for the fan. 

The very high efficiency of large diffusors, whichfor 
Reynolds numbers of the order of 10’ attains 95 per 
cent, explains why the coefficient of use of high velocity 
wind tunnels (250 m./s.), which can be achieved only 
with guided jets, may exceed 12. 

*F, L. Wattendorf, ‘‘ Factors influencing the energy ratio of 


teturn-flow wind tunnels,” 5th International Congress for Applied 
Mechanics, Cambridge, U.S.A. (1938), p. 536. 
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The fact that these losses, although small, are still 
two to three times greater than the corresponding losses 
in a cylindrical tube, whereas the smaller- velocity 
gradient along the normal to the walls would suggest an 
even lower value, is explained by the occurrence in the 
diverging duct of a turbulence anistropy, which con- 
trary to that taking place in a converging duct, magnifies 
the longitudinal component of the inequalities of 
velocity at the expense of the transversal ones, and, re- 
ducing the thrusts on the lateral walls and hence their 
components parallel to the axis, contributes to the 
pressure drop a force which is additive to the tangential 
frictional forces. 


THE FAN. 


The preoccupation of reducing the diameter of the 
fan wheel and of keeping down the costs of the installa- 
tion generally, leads to placing the fan fairly close to the 
inlet of the diffusor, whereas in most cases the efficiency 
would be improved by moving the fan right back to the 
outlet because not only does the airscrew contribute to 
the uniformity of the flow through the corresponding 
section, but the space taken up by the cowling about the 
motor has here a less unfavourable influence on the ex- 
panding effect of the diffusor than further upstream. 
Moreover, the ventilation system of the motor can also 
be employed to improve the conditions, by aspirating 
the boundary layer in the rear portion of the cowling. 
The design of the airscrew proper can be done very 
accurately according to the classical aerofoil theory, by 
taking into account the very unequal radial] reparation of 
the total pressure drop, small at the axis, especially in 
the absence of a model, and large at the walls. The 
efficiency, crediting the fan with the mean radial value 
of the total pressure which it generates, may thus exceed 
93 per cent. ; 


THE DIFFUSOR OUTLET. 


Best results are obtained by the use of a system of 
circular vanes of toroidal form, which ensures the re- 
covery of approximately 80 per cent of the kinetic 
energy of the end section immediately preceding these 
vanes. About 15 per cent of the power of the fan can be 
saved in this way, in addition to diminishing the in- 
convenience of the wind discharged from the tunnel. 
(The circular deflecting vanes of the diffusor outletare 
shown in Fig. 7). 












































Fig. 8. Wind-tunnel with partly guided jet. This type of wind tunnel, whilst affording the same accessibility as the open jet type of 
tunnel, has a much smaller pressure drop, enables a better adjustment of the uniformity of the axial velocity and involves smaller 
corrections for taking.into account the finite dimensions of the jet. 
(a) Removable ceiling ; (b) Removable floor ; (c) Adjustable sectors. 


















By W. BLEICHER and G. W. BERGER. 


LIGHT alloy sections are manufactured by a press 
operation called extrusion. The extrusion billet, pre- 
heated to a suitable temperature, is pressed through 
an aperture in a die, whereby it obtains the required 
section shape. A great diversity of cross-sectional 
shapes is obtainable by this method; a selection is 
shown in Fig. 1. 

Spar flanges were originally made of tubular section, 
a method now abandoned because the required joints 
are cumbersome and welding cannot be recommended. 
The desirable concentration of mass in the outer fibre 
can well be achieved by using extruded sections (Fig. 2). 
The limitations in size must, however, be kept in mind. 

Fig. 3 shows schematically an extrusion press. The 
required thrust P, which is up to 5,000 tons, is obtained 
by hydraulic pressure (200 to 300 atmos.). The 
** specific extrusion pressure ” p in the billet is in the 
region of 70 to 110 kg. sq. mm. The magnitude of p 
is dependent on the ratio of the billet cross-section B 
to the area of the aperture (orifice) A. This “extrusion 
ratio’ B/A should be between 10 and 40. Extrusion 
presses available at present enable the production of 
sections which lie within a circle of 300 mm. dia. 
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Light-alloy 
extruded 
sections. 


Fig. 2 
Extruded 
spar 
flanges. 
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Fig. 3. The extrusion press. 
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LIGHT ALLOY EXTRUDED 


(From Luftwissen, Vol. 10, No. 1, January, 1943, pp. 23-27.) 








Figs. 6 and 7. Possible coarse-grain zones in extruded sections. 
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The quality of, ia CO 
the extrusion from } ee 
the viewpoint. of t 3C 
its microstructure . MA 
is largely dependent 7 > 
: 4 occURRENCE 
on the type of, 1c 


grain of the cast bil- ; ; 





let. Fig. 4 shows! 4 
the grain structure: é 
of the billet with Py ac 
old and modern aac 


methods of casting ov . ss - cccuRRENCE 





of extrusion billets. Ingot mold method Modern method 2( 
(The modern met- Fig. 4 Microphotograph of billets 

hod is described Al-Cu-Mg). I 
in Metallwirtschaft, 1942, pp. 695-699.) ( 


The diameter of the billet is generally chosen so as 
to give a suitable extrusion ratio. Thus, it is quite 
possible without any manufacturing difficulties to use 
dies with one or more apertures (Fig. 5). 

Standard Sections 


Single Orifice Multiple Orifice 


.60%60«6 T 4843085 
i 2 B=330cm* 
- — A=5*2,83=14, 15cm* 
By «28 &/a~23 
Fig. 5. Extruded sections. 


A uniform grain distribution throughout the cross- 
section, though highly desirable, can only be obtained 
with quite simple sections where the flow of material 
through the die is uniform. In any more complicated 
shape there are regions which are liable to become 
coarse-grained (e.g., shaded areas in Figs. 6 and 7). 
These coarse-grain zones can have a very unfavorable 
effect on the tensile strength and yield point. Flat 
and round test bars as indicated by the shaded areas 
(Figs. 6 and 7) have been tested, and the occurrence 
of strength values plotted (Figs. 8 and 9). The bar in 
Fig. 8 shows that, with such a standard section, the 
coarse-grained part has negligible influence on the 
strength values. The same applies to bar | in Fig. 9. 
Bar 2, however, taken from the section where the 
cross-section changes abruptly, has already lowered 
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ve i, 30 AR Figs. 8 and 9. Occurence pe mga properties in extruded 
i bY 20+-+44+-# 
aoe } \ sims | strength values due to coarse-grain. The values given 
ip we 1 4 mi in the material specifications are indicated in Figs. 
fo) te O een] sad 8 and 9 by a heavy straight line, and the curve for bar 2 
40 44 48 kg/mm? a . a y ; 
oe ee Ah 32 36 40 44 48nqpue? shows, by comparison with bar 1, a considerable rise 
od | 30 due to which the percentage of scrap occurs. In most 
20| 44 | vH4 2 In cases the section in Fig. 9 can, however, be calculated 
a a 20 TS so that its higher stressed parts are percentually utilised. 
OccURRE \ OCCURRENCE 74 ‘| * : wens F . 
10-— : 10 Al The keeping within dimensions and the work required 
hail J ~ ol Ta A i for final straightening are directly interconnected with 
42° 46° SO. 54” S8kg/mnt 42° 46. 5G 54 SB 62kg/mm? the aforementioned influences. ; 
40 TENSILE STRENCTH TENSILE STRENGTH Fig. 10 shows two sections with sudden 
oie ht | — changes in the cross-section. These are not 
30-44 SHAPE OF SECTION VHH 1 SHAPE OF SECTION easy to produce as, during annealing, 
OCCURRENCE. 4 | : TON OF TEin 30) fy no BST Test BAR the thin parts are liable to twist and thus 
20 y 
25,48 ¥ ; 
OCCURRENCE 7 
10) Ty 10 a 
OlamgpZe__| ela OL Aes ' | 
6 10 14 18 20vH 6 10 14 18 22vH | F 
ELONCATION ELONCATION 
rE 
8+330cm* ote, 
A216,5cm* Seteor 
84+ 20 Ba = 20 
Fig. 10. Special extruded sections. 
Produced length Produced lengt 
© 6500 mm. % 6000 mm. 
Time required 
Extruding 15.5 min. Extruding 7 min. 
Straightening 232 min. Straightening 600 min. 
Other work 33.9 min. Other work 28.4 min. 
Fig. 11. Application of extruded section. 
crit y (Left) Design length about 4 cm. (dotted lines 
! } show turning). a yp Design length about 
cm. 
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13-16. Special light-alloy sections, 


Groups I.-IV. 
from top to bottom. 


Figs. 
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the time required for straightening is sometimes 















100 times that of the extruding proper. With aevaton Arrangy 
such sections great time saving can be achieved by above © 
ordering the section to actual design length. Two 

instructive examples of using extrusions of more from wh 
complex shape with a short design length are shown av 
in Fig. 11. The straightening of these by the extrusion ss 
shop need not be done to final accuracy: ab 

In accordance with the Fass a details, the 
extruded sections can be divided into standard sections 
and special sections. The latter are classed as I, II, d for 
III and IV, according to the manufacturing difficulties * 
encountered in the extrusion process. (See Table I, 
and Figs. 13-16.) The allowable deviations in the } 
dimensions of special sections are shown in Fig. 12. 

A knowledge of the process of extrusion should dh =- 
enable designers to select the proper sections economi- 
cally, and not just shift avy oe = the extrusion where } 
shop. The designer should be reminded that noeconomy ~- : By : 
is effected by cutting the time of assembly when more guy ‘ile eos standard BR ing a OO Ay al " the oon 
— ioTiguaaea in the manufacture of the semi-finished proposed extension of specification “2 B become 

Fig. 12. Allowable deviations in dimensions. 
2m ha 
A NEW FORMULA FOR DIMENSIONS OF ROTOR SLOTS Ne ba 
By Ine. A. I. Dvoracek, Skoda Works, Pilsen. — oe Obzor, Prague, Vol. 31, No. 8, August, 
» PP 

THE optimum dimensions of rotor slots in electrical optimum dimensions of the slot will be that « is an § Where 
machines must be such that, for given losses in the extreme (a minimum), or that 
copper conductors, the magneto-motive force per SP=<0 
tooth is a minimum. A direct way to determine these 5 a a * S (3) (Voo is 
dimensions is possible only in practice if simplified k=O o° “° *+ 4) FE ieto), 
conditions wi - bs a is to replace From equation (2) : 
the above condition by acondition such that the magneto- ae eet, = = 30000: 
motive potential, at the narrowest part of the tooth, is éP (ba bi) dha + (ha — hy) 8 ba = O ... 65) 
a minimum, in other words, the width of the tooth at From equation (1) : 
the root should be as large as possible. Furthermore, ha ha 
the condition of minimum losses in the conductors is Pre 
simplified for the largest possible cross-sectional area of § «=5 Vd.h = Va ha + j 5Vdh .. (6) 
the conductors in the slot (additional losses are dis- ° ° 
regarded) aye ; 20000 

The present article deals with the problem of the Within the limits O<h<ha, and with a constant h andr 
optimum dimensions of the slot by adopting only the (tooth pitch at depth h) is: 
second of the usual simplifications (the cross section of OV 
the conductors will be regarded as a measure for the 8V= —5ba, and therefore : 
losses), while the magneto-motive forces will be cal- ba 
culated exactly and the measured magnetisation curve of ha 10000 
the iron will be taken into account. The reduction of av 
the cross section due to the groove for the wedge will, Sa Maths 3-3 dh=0O (6) 
however, be disregarded. —— ie 

With h being the variable depth of the slot measured PS , 
in radial direction from the circumference of the rotor, 
and V the magnetic potential difference in ampere- (5) and (6) are equations with two unknowns 6 ha and 
turns, the magneto-motive force for the whole tooth is : 5 ba and both together can be valid only if the deter- ¢ 

ha minant of the system is zero, i. “ Re a 
a 
= | Van je aor... av 
° Va (bs —h) (bs —b) | — dh =O (7) § 
d ; Th 
(the wee d metienen en at the root of the tooth, the ° 
index 0 values at the circumference of the rotor). i i : 

The slot is filled entirely by the copper conductor oat < po aay ee a Galen om ps 5 pod 
and with insulating material, the latter comprising the =o pitch). The same flux passes through the | w 
insulation proper, the wedge and air, and the total cross section 7.1 at the distance h from the circum- [| —— 
cross-sectional area 3 of the conductor in the slot is ference and consists of the flux in the iron : (r — ba). J) V 
equal (or —— K.Bre (Bre = saturation in the iron, corresponding to F =f 

= (ha — hi) (ba — by) . « the magnetic Lamang . = ‘a = — a iron B relatis 

sheets, approximately 0.9), of the flux ugh the in- FP apain 

wise ban hu a the width and depth respectively of sulation between the iron sheets: (r—ba) (1—x«). FP 3600 
0.4 zw V. and of the flux through the slot ; ba 0.4 7 V. slot 2: 


sulating material in the slot in respect of the width and 
depth of the slot. 

If the dimensions of the slot are considered variables, 
but P, b; and h; are constants, the condition for the 


It is therefore, 
By. to =(7 — ba) « Bre + (7 — ba) (1—x) 0.47 V + 
ba 0.4 7 V. 





Amanging :— «(Bre—0.47V)=9(V)=9— _ the 
above equation reads : 





By 7o = 7(9 + 0.47 V)—ba ee (8) 
from which follows : 
av P 
— = F ; a. &) 
b p P 
., (<> + 04m ) vo 
dV dv 


and for a constant ba 


dg dg 
—— + 047)) .r—bg — 
dv dV 


dh = —— .dV (10) 
27 g+047V 
where Na is the number of teeth of the rotor. 
By substitution of (9) and (10) in the equation (7), 
the condition for the optimum dimensions of the slot 
becomes : 














Va 
27 hah; 1 YP 1 
— ~—.— |__ =— (Pa—¥o) (11) 
Na ba—bi Va 9+0.47V Va 
Vo 
St, Vv 
YP 
san Where y= | —— . dV, 
| yg + 0.47 V 
3 Voo 
. (Voo is an adequately chosen lower limit, in this case 
(4) zero). YY is represented by the graph Fig. 1. 
(5) sal 
Bre 
(6) 
200004 
ndz 
re : 
100004 | 
(6) 
and 
ter- oO 
Fig. 1. 
(7) 
The value of ——————— does not differ largely 
y+ 0.47 V 
the J from 1 and therefore ¥ is not very different from the 


ap, a of V. For V within limits 0 <V < 3000 the ratio 
m- FF —= 1 to 0.91. 
V 


If the number of slots for the machine in question is 


ron | relatively not large, the value of V. may be disregarded 
m- — against Va. For such machines and Va = 1000 to 
*): Ti 2000 che condition for the optimim dimensions of the 
‘ » slot arc therefore : 
: 27 ha—hi 
3 — . ——_ = 0.970 0.94 .. (12) 
Nd ba—bi 
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and if round conductors are used : 


27 m 
—.—.=0.97t00.94 .. sx OD 
Na u 


where u is the number of conductors side by side and m 
the number of layers in radial direction in the slot. 
The above equations, even if the figure at the right 
side is only roughly estimated within the limits shown, 
give a more accurate guide for the dimension of slots— 
especially for machines with a small number of teeth, 
than the usual formula which is based only on the largest 
possible cross section of the tooth. (This formula gives 
27 ha—h 
the well known condition : — sr 
Na ba—by 








BEHAVIOR OF RIVETS DURING RIVETING 


By A. WALTHER and L. CoLLatz.* (From Zeitschrift 
des VDI, Vol. 87, No. 23/24, 12th June, 1943, p. 373.) 


RIVETING presents a number of thermic and elasto- 
theoretical problems. Thus, the heat conduction from 
the hot rivet to the cold sheet is to be investigated ; 
further, the end stress is to be determined with which 
the shrunk rivet holds the -sheets. 


The theoretical treatment of these problems requires 
simplifying assumptions. Disregarding the influence 
of the neighboring rivet, a single rivet is considered 
in a sheet of infinite extent. As the influence of the 
rivet heads would unduly complicate the solution of 
the problem, the rivet is idealized as a cylinder, driven 
into the rivet hole, in a hot state; in all planes 
perpendicular to the cylinder the same temperature 
distribution is assumed and that the rivet shank 
(cylinder) is covered by a layer of scale of constant 
coefficient of heat conduction, which neatly and 
permanently fits the rivet hole. Under these assumed 
conditions it is possible to solve the partial differential 
equations of heat conduction in cylinder co-ordinates 
by considering the boundary and initial conditions. 
As a result the local temperature distribution in periods 
of time, in rivet and sheet, can be plotted; also the 
relationship between temperature and dimensions. 
Having settled the problems of heat conduction, the 
final rivet force becomes accessible to calculation, and 
thereby the thermal and mechanical properties of 
sheet and rivet materials may be expressed. 


An especial requirement is the shortening of the 
sheet under the annular rivet head ; this can be obtained 
by means of the stress function in cylinder co-ordinates. 
The results are again presented diagrammatically. 


Tests have been made to check the validity of the 
theoretical results. The hole dia. was 23 mm., the 
rivet dia. 22 mm., and temperature was measured by 
means of thermo-elements. The negligible influence 
of the rivet heads on the shank has been confirmed by 
these tests. From a break in the temperature curve, 
which shows the measured values as a function of time, 
it may be concluded that a clearance occurs between 
rivet and hole due to cooling off and lateral contraction 
of the rivet. From this point onwards the measured 
values deviate from the theoretical ones. The measured 
shortening of the sheet under the rivet heads is in close 
agreement with theory, and the calculated values of 
the final force in the rivet as a function of the ratio, 
sheet thickness to hole diameter, lie mostly above the 
measured values. 





* These are the reviewers of a report of similar title by 
T. Isibasi, issued as a Memorandum of the Faculty of Engineering, 
Kyushu University, Fukuska, Japan, Vol. 9 (1940), pp. 63-143. 
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DETERMINATION OF DISCONTINUITIES IN SHEET METAL EY 
MEANS OF ULTRASONICS 


By Dr.-Inc. Hasit. A. TRost. (From Zeitschrift des VDI, Vol. 87, No. 23/24, 12th June, 1943, pp. 352 -254,) 


THE non-destructive methods hitherto available for 
the testing of materials have been of little or no use 
for the determination of laminations in sheet metal. 
Investigation by X-rays is not applicable as the faults 
will lie at right angles with the rays, while the magnetic 
powder method can be used only with steel sheet, 
and even then only if the lamination extends either to 
the surface of the sheet or to its edge. The employment 
of the electrical resistance method for the detection of 
laminations will be limited to sheets with bright 
surfaces. In this method an electric current is passed 
through the sheet in transversal direction and the 
voltage drop is measured. 

In the practically most important cases where the 
surface of the sheet is covered with scale or rust, this 
method can only be applied after cleaning the surfaces 
in spots and then carrying out local measurements. 
The amount of labour and time involved in testing 
large sheets in this way prevents, however, the 
employment of this method in practice. 

It has long been known that in principle ultrasonics 
are very well suited to the determination of discon- 
tinuities in materials. Referring to Fig. 1 it is seen 
that the ultrasound waves passed from the emitter (a) 
into the piece (c) propagate in straight lines, provided 
a sufficiently high frequency is chosen. Wherever the 

sound, 


CAs 
a Ultra-sound emitter 


c 
~~ 6 Ultra-sound receiver 


bn c Piece to be tested 
a 


waves encounter an air gap they will be reflected, and 
thus prevented from penetrating the piece. These areas 
can be detected by probing the opposite surface of the 
sheet by means of an ultrasonic receiver. The sensi- 
tivity of fault detection depends, however, upon the 
length of the ultra sound wave within the piece and 
upon the frequency. In order to be able to create 
a shaded area behind a fault, the wavelength must be 
smaller than the diameter of the fault, as ultrasonic 
waves of greater wavelength will be completely diffracted 
around the fault. With a frequency of 10° Hertz 
the wavelength in steel is 5.1 mm. Since it will 
generally be sufficient to determine lamination areas 
which are considerably in excess of 5 mm., a frequency 
of 10° Hertz will be sufficient. Even the thinnest of 
laminations will present an insurmountable obstacle to 
wavelengths of such a high frequency, an air gap of 
only 10-° mm. thickness reflecting 99 per cent of ultra 
sound waves of 10° Hertz. However, laminations do 
not always consist in clear air gaps, but they may be 
partially filled with slag, oxide, etc., thus exhibiting 
a greater ultra sound transparency than air gaps. 

The great sound-resistance of even the smallest 
air gaps, however, also makes the practical utilization 
of this method very difficult. If a sound-emitting 
quartz crystal brought to vibration by the piezoelectric 
effect were directly placed on the surface of the steel 
sheet, no ultrasonic waves would enter the latter, as 
the distance between the naturally rough surface of the 
sheet and the crystal would generally exceed 10-5 mm. 
Similar considerations would apply to the receiver side 
of the sheet. Because of this difficulty practical appli- 
cation of the ultrasonic method had not been made 
heretofore. 

A laboratory method consists in bridging the gap 
between quartz and sheet by means of a drop of liquid, 
but this point-wise investigation is unsuited to the 
routine inspection of large sheets. While this difficulty 





Fig. 1. Determination 
of laminations by ultra 
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Fig. 2. Ultrasonic testing 
. device. 
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6 High frequency cable 
c Metal piece 

d Insulation 

e Packing y | 
f Test piece VY [k 
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h Water supply Receiver YW 
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; y 
Cm = i {— 1 
could be circumvented by [Ss MQQAAK 
immersing both sheet and GG \N \N 
ultrasonic emitter and re- Ow eae 
ceiver in a bath of liquid, A —-——V 
the practical application of _ _ y 
this method to the in- : ray oles 
vestigation of large sheets Emitter = Y--1 
would be rather cumber- 7 i 
some. ZN c3 

A technical solution of TESS 
this problem on the basis 
of a fluid coupling is ob- 
tained by using a flow of 
water in the manner shown 
in Fig. 2. Here the vi- 
brating quartz (a) is con- i Hy 
nected to the high-fre- 
quency source by means 
of the cable (b). The quartz piece itself is cemented 
to a metal piece (c) which transmits the vibrations 
to the water and from thence to the test piece (f), 
Water is continuously supplied through hose (h). 
It leaks off through the gap between the metal (c) 
and the test piece, thereby providing an effective 
seal against the infiltration of air into the space between 
quartz and test piece. The ultrasonic receiver is 
seen to be of similar construction, the water admis- 
sion being arranged at the top of the water space in 
order to allow the escape of small air bubbles and 
excess water through a number of small holes at the 
top, while the water leaks off between piece and 
bottom of the receiver. It was found that even with 
a fast movement of the receiver, fully satisfactory 
contact can be maintained if water escapes through 
the aforementioned small holes at the top. This can be 
achieved by appropriate adjustment of the water supply. 
Satisfactory sound contact can still be obtained if the 
distances between the quartz pieces and the sheet 
surfaces are as large as 1 mm. and also if this distance 
fluctuates during the test. Even thick coatings of rust 
and scale are without deleterious influence upon the 
test result. 

Both emitter and receiver are provided with rollers 
which keep the distance between quartz piece and sheet 
surface at approx. 0.5 mm., these gaps being bridged 
by the water. If sheets of moderate width are to be 
examined, emitter and receiver are attached to forked 
levers which are pressed against the sheet by springs. 
In cases where sheets o1 great width are to be investi- 
gated, emitter and receiver are conveniently moved 
along guide rods by an electric motor drive, with the 
sheet being moved in transversal direction. The 
necessary pressure can be exerted by springs or by an 
electromagnetic device. 

The emitter is 0! the single-stage type equipped 
with a valve of 15 W. output. The emitter quartz 
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has a diameter of 25 mm., while the effective diameter 
of the receiver is limited to 15 mm. by means of an 
aperture. The receiver is connected to a multi-stage 
amplifier. The ultrasound is modulated with a 
frequency of 100 Hertz, both headphone and electric 
glow discharge lamp, as well as a recording instrument, 
being provided. 

Difficulties were at first encountered in the pro- 
duction of standing waves in the water column. The 
wavelength A of the ultrasound of 1 million Hertz is 
14mm. in water. If the length of the water column 
jsan even multiple of A/2, sound transmission will be 
at a maximum, while an odd multiple will yield a 
minimum. Fluctuations in the length of the water 
column as they occur in the test because of the uneven- 
ness of the sheet surface have a disturbing effect upon 
the result. But this can be largely eliminated by 
subjecting the frequency to rapid wobbling within 
a certain frequency range and also by making the 
water column sufficiently long so that the differences 
in length remain within the frequency range of the 
wobbling effect, being, for instance, of the magnitude 
\4. This results in the superimposition of the 
maximum and minimum of different frequencies, 
making the ultrasound transmission largely independent 
of the length of the water column. 


254.) 





Fig. 3. Ultra-sound test of I beam. 


lented A typical test is the examination of an I-beam of 
‘ations § 25 mm. web thickness as given in Fig. 3. Here the 
ce (f), § faulty spots (laminations) ascertained are painted white. 
> (h). § A check-up by means of the magnetic powder method 
al (c) § yielded complete agreement with the ultrasonic method. 
ective § The powder test results are illustrated in Figs. 4-6, 
tween — showing three pieces, A, B and C cut from the I-beam, 
er is § their original position in the beam being indicated in 
dmis- — Fig. 3. The piece shown in Fig. 4, 

ice in § which had been found faulty through- 

; and — out in the ultrasonic test, is seen to C 
it the — exhibit several laminations overlapping 
and — each other in parts. The ultrasonic 
with — test piece B, illustrated in Fig. 5, had 
ictory ae $3 


Fig. 6 
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been found faulty in its front portion and sound in 
its rear part. This result was fully confirmed by 
the magnetic test. Precise numerical ultrasonic 
measurements were made on piece C, shown in Fig. 6. 
No sound penetration could be obtained in the parts 
completely painted white, with the amplifier adjusted 
to greatest sensitivity. Accordingly, stacked layers of 
laminations were revealed by the magnetic test. In the 
zones marked by double strokes of white paint in Fig. 6, 
no sound penetration could be observed with ordinary 
sensitivity. The magnetic method showed that here 
lamination existed in the form of patches of 5-15 mm. 
size. While the ultrasound waves are reflected by the 
laminations, sound diffraction takes place along their 
edges, and it was this diffraction effect which was 
observed when the receiver was adjusted to highest 
sensitivity, the aperture of the quartz being 10 mm. 
In the zones indicated by single-stroke shading, ultra- 
sound penetration was observed in some spots, and not 
in other spots. The magnetic powder test showed 
that there existed a number of fairly small laminated 
patches between which the ultrasonic waves could 
penetrate unhindered. It is interesting to note that 
the faults are elongated in the direction of rolling, 
their width being considerably less and more irregular. 
It would appear that these faults have their origin in 
pores and small blow holes of the ingot. 


















Figs. 4-6. 


Magnetic powder test 
of three pieces cut 
from the I beam 
shown in Fig. 3. 
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a1 SOLUBILITY OF FERROUS OXIDE IN PURE SOLID IRON 
2 (From La Technique Moderne, Vol. 35, No. 13 and 14, Ist and 15th July, 1943, p. 110.) * 


tance JHE question of the solubility of FeO in heated pure 
solid iron has been the subject of discussion but has 
1 the f Only been supported, up to now, by indirect proof. 
_ The author, in collaboration with René Castro, has 
submitted evidence of the coalescing of FeO inclusions, 
| which is a direct consequence of this solubility. 
dged Large inclusions of FeO are lengthened or flattened 
3 after a long period of heating, but this result can only 
ched be obtained with small inclusions of FeO when a violent 
crushing is added to the rapid cooling by means of 


bn 3 
oc 
a 
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m a conical punch driven into small cylinders of metal 
wel a heated to 750-850 deg. C. When these test pieces are 


the afterwards reheated to increasing temperatures it is 
The © found that, from 800 deg. C. the small inclusions 
(1 and 2) assume a globular shape and that, about 








d .*Note by Albert Portevin and Léon Guillet, in Académie des 
ype Sciences, Vol, 214, No. 24. 








1,000 deg. C. all have assumed this appearance, except 
the very largest (> 10 p). 

These results are explained by the solubility of the 
inclusions in the metal, which solubility shows itself 
from 800 deg. C. upwards, at the same time as by their 
plasticity. It may be noticed, moreover, that certain 
of the inclusions, e.g., vitreous silicates of Fe and Mn, 
much more plastic but insoluble in iron, are lengthened 
by coldworking into threadlike elements, but do not 
show these changes in shape through reheating. 

It is true that H. Esser and H. Cornelius, following 
their microscopic examinations of FeO inclusions made 
at heat im vacuo, have often discovered increase in these 
sizes as well as an apparent joining-up of adjacent 
inclusions, from which they deduce that FeO is 
insoluble in iron. But this method of observation is 
of limited value owing to small magnifications and 
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Fig. 1. Fe O inclusions before Fig. 
heating. vacuo to 1000 deg. C. 


other optical restrictions imposed by experimental 
conditions. The author has carried out, with René 
Castro, a micrographic examination, after heating 
in vacuo, of marked spots on the surface. By this 
means optimum conditions for inspection were obtained 
and it was found that the inclusions of FeO in the 
polished surface were reduced or disappeared, 
which is consonant with the solubility of FeO. 

Fig. 1 (x 1,100). shows the micrographic 
appearance of the FeO inclusions before heating, 
and Fig. 2 after heating im vacuo to 1,000 deg. C. 
These FeO inclusions on the polished surface of 
the test piece had been lengthened by mechanical 
deformation. ‘The medium-sized inclusions have 
become smaller in size, especially in length, but 
they are found at the bottom of small craters 
which gives the impression, under low magnifi- 
cation and small shutter opening (as was the case 
in the experiments of Esser and Cornelius), that 
they have increased in size. Most of the other 
inclusions have practically disappeared, leaving 
in general a dark spot at the bottom of their Fig. 3. 
surrounding crater. 


RATE OF COMBUSTION 


By M. VERON, Professor of Conservatoire Nationale des Arts et Metiers. 


other inclusions : 


4 the metal surroun L 
“were sunk below the original micrographic surface, 
2. After heating in 


inclusions of vitre- 


This appearance is not due to the driving of ——™ aicaned 


DIGEST 


the inclusions below the surface of the metal, as is shown 
by successive light polishing, but is due to tie entry 
of the inclusions into solution, the black spor being 
a residue of metallic oxide, other than FeO, in solution 
in the inclusion but insoluble in iron. It is olso dye 


| to immaterial causes inherent in the surface tension 


of the iron and to plastic phenomena accom panying 
the allotropic changes. 

This interpretation has been checked by Cbserving 
(a) Inclusions of vitreous silicate 
(Fig. 3) which persist unaltered and even give the 
impression of having grown in size or of having 
joined up together (Fig. 4) owing to the retraction of 
ing them and to the fact that they 


as is shown by light polishing (Fig. 5); (6) Inclusions 
of FeS, for instance, obviously soluble when heated, 
leaving a cavity empty of its original content. 

The results for FeO have been confirmed by the 
repetition of the observed phenomena on samples 
showing slight traces of rust, or thin and very adherent 
oxidisation. After heating to 1,000 deg. C. the rust 
and oxide disappear. 





Fig. 4 
After heating. 


Insoluble 


Fig. 5 
After light polishing. 


OF POWDERED FUEL 


(From La Technique Moderne, Vol. 35, 


No. 13 and 14, Ist and 15th July, 1943, pp. 96-102.) 


AFTER a survey of the theoretical considerations on 
flame propagation in mixtures of gaseous fuels and air, 
from combustion in a tube without outlet, at the end 
of an open-ended tube, and inside an open-ended tube, 
the author goes on to consider the flame propagation in 
powdered fuel spread on a grate subject to draught. 


1. Combustion on Fixed Grid not Automatically Fed. 


A. A vertical cylindrical furnace, closed at its lower 
end by a fixed grate, supporting a homogeneous bed 
of solid powdered fuel, traversed by an upwards draught 
sufficient to ensure, when lighted at the top, a front of 
flame across the furnace, which moves towards the grate 
with a speed which is called the speed of flame propa- 
gation. With a stationary fuel, the heating which 
produces combustion passes along by a recurring 
process of pre-oxidising, conductability, radiation and 
convection. The fundamental speed of flame propa- 
gation depends on a number of factors, including : 
size and quality of fuel (volatility and ash content ; 
reactivity), temperature of walls and flame around and 
above the burning layer: temperature, speed and 
pressure of draught. These have been studied in 
practice, in Babcock & Wilcox boilers, as they cannot 
be calculated. 


Speed of propagation decreases as the diameter of 
the fuel increases; it increases as the volatility, 
reactivity, temperature of air and of walls, and flame- 
activity increase. Flame spreads downwards with 
a thickness of fuel in combustion held at a neuter 
constant by the balance of the various factors in play. 

B. When this furnace is lighted at the bottom, 
the flame spreads upwards through the whole mass 
of the fuel at an increasing speed, as the rising heated 
air and hot gases pass upwards through the unburnt 
fuel. 


2. Combustion on Endless-chain Moving Grid. 


A fuel bed on an endless-chain mechanical stoker, 
with a constant upward draught, when lighted on the 
upper surface, shows an oblique combustion front 
which remains stationary if the draught is such as to 
give complete combustion of the weight of fuel intro- 
duced. With too much air, the flame moves with the | 
chain ; with too little air, it moves in the opposing F> 
direction. Bb 

The flame front is the place where the speed of 
flame propagation is equal to the speed of the F 
hearth (Fig. 1). 
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Fig. 1 ’ 
HYPOTHETICAL DEDUCTIONS. 


1. The combustion figure equals the consumption 
figure if all the fuel enflamed is subsequently burned. 
This requires air being supplied at a rate exceeding 
the critical value which ensures a physico-chemical 
stability of working. Otherwise, the unburnt material 
accumulates and the thickness under combustion 
increases indefinitely. 

2. It is assumed that the fuel bed is dynamically 
stable and that combustion is even. The bed ceases 
to be stable when the speed of the air exceeds a certain 
limit, as the smallest particles are then blown through 
the grate, leaving open spaces where combustion rushes 
away, and this must obviously be avoided. In practice, 
hard peas, below 15 mm. dia., cannot be used with 
maximum theoretical draught ; with rich caking peas 
self-agglomeration prevents blowing away and lowers 
the limitation on size. 

Thus, the consumption figure cannot, in practice, 
be outside the limits fixed by a minimum draught to 
preserve the physico-chemical stability of combustion 
and a maximum draught which does not affect the 
aerodynamic stability of the fuel bed. 

3. The speed of flame propagation is not strictly 
uniform as the fuel and atmosphere have been heated 
to varying degrees in the different parts of the fuel bed, 
above or below, in the centre or along the sides. The 
flame front is not, therefore, straight but has its ends 
rounded off slightly. 

4, The thickness of fuel in combustion is not 
strictly uniform as the fuel is traversed by hotter gases 
and by flames towards the top of the bed, and self- 
agglomeration also changes the size of the fuel in an 
irregular manner, but for practical purposes it can be 
taken as uniform. 

In a general way, consumption on an endless-chain 
grate can be calculated when the following factors are 
known :— 

(1) Nature of fuel (volatile matter content, re- 
activity), size and specific gravity, to which it is, 
ceteris paribus, proportional. This consideration 
puts coke at a disadvantage. 

(2) Temperature, shape and spread of roof. 

(3) Temperature and pressure of draught. 

(4) Speed of air as affecting the speed of flame 
propagation. Consumption increases with draught 
speed, at first almost in proportion (coke and 
anthracite excepted) ; then it reaches a top limit 
and begins to decline, as too much cold air 
lowers the temperature. Thus, contrary to what 
might be expected, the weight of coal burnt per 
hour is not proportional to the amount of air 
blown in, at least for strong draughts and 
especially for poor fuels. If consumption can 
be increased by blowing in more air, it is only 
because this at first favorably affects the speed 
of flame propagation and the thickness of burning 
material. 

(5) Height of admission of fuel. 
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(6) Speed of the grate. This has only a 
very small effect as it only enters as a 
very small function in the equation. 
It is, however, of importance to avoid 
discharge of unburnt fuel. It is an 
error to think that the air consumed 
and the weight of fuel delivered on the 
grid must vary proportionally, as 
this would lead to a rapid increase in 
the mount of unburnt fuel at very 
high speeds, since the rate of combus- 
tion increases more slowly than does 
the flow of air. 


The furnaceman can, therefore, regulate the 
following factors to vary the consumption figure :— 


Speed of draught combined with speed of moving 
grate and depth of fuel entering furnace. The 
temperature of the roof can be affected by its 
shape and also the temperature of the air and, 
possibly, its pressure. 


PRACTICAL CONSIDERATIONS. 


1. Along the whole length of the ignition and com- 
bustion zones the grate is in contact with non-flaming 
fuel, thus at a low temperature. On the contrary, 
it is in contact with incandescent fuel in the combustion 
zone, and it is only in this zone that it really heats, 
especially if the fuel is low in cinders. It is necessary, 
therefore, to reduce the thickness and to open the 
angle of the flame front, which leads to an accelerated 
speed of propagation. 


2. On all the length of ignition and combustion, 
the blown air meets the fuel in course of combustion, 
underfeed in the first zone and overfeed in the second 
zone. It penetrates into the non-ignited fuel on the 
length of the burning zone. It is not necessary, 
consequently, to blow air at the same speed on the 
different lengths in question, which shows the advantage 
of divisions in the draught for each area, thus preventing 
the production of traces of hydrogen and hydrocarbons 
in the first zone, carbon monoxide and hydrogen in the 
second zone, excess oxygen in the third zone, and to 
obtain the maximum production of CO, in the second 
and third zones. 


3. The fall in pressure (wrongly called loss of load) 
of the air passing through the fuel is almost proportional 
to the square of the air speed and the thickness of the 
fuel bed, and it varies in the various zones. There is 
no reason, therefore, to blow air at the same over- 
pressure in the different zones, which further strengthens 
the advantages of dividing the furnace into three or 
more sections. 


4. Consumption varies through the speed of flame 
propagation and the thickness of the fuel bed in a sub- 
proportional manner with the speed of the air, and also 
varies non-proportionally with the original thickness 
of the bed. 


When these factors vary, consumption and loss of 
pressure through the grate do not vary proportionally 
with one another. They do not vary either in the same 
way with fuel size and with air temperature. More- 
over, consumption depends on the chemical nature of 
the fuel, and on the temperature of the furnace roof, 
none of which influences the fall of pressure. There 
cannot, therefore, be a simple or universal ratio between 
the rate of combustion on a grid and the loss of pressure 
which occurs in the air passing through the fuel bed. 


(A further article on the subject by Prof. M. Véron 
will be published as soon as available.) 
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MODERN MILLING-CUTTER PRODUCTION. 
By F. MULLER. (From Werkstattstechnik, Der Betrieb, Vols. 37/22, No. 4, i 1943, pp. 153-154). 


TuE need for labour and material economy has forced 
designers and production engineers to adopt novel 
methods for the production of milling cutters. This 
trend is particularly well exemplified by the method 
followed in the production of large cutters of the disc 
type with diameters up to 520 mm. and cutting edges 
up to 35 mm., which were formerly made with inserted 
teeth, requiring considerable accuracy of manufacture. 
As these cutters are too large to be forged of a single 
forging of high-speed tool steel, a welded composite 
type was adopted. In this design the body proper of 
the milling cutter is made with an alloyed structural 
steel of the Cr-Mn type (Cr-Mn 80 German standard) 
with the teeth of high-speed tool steel, flash butt-welded 
to it. The use of an alloy steel body is important, as 
ordinary carbon steels tend to develop fissures when 
welded to high-speed tool steel. Examination of the 
cutter teeth by the magna-flux method prior to welding 
is recommended. 

The welding proper is carried out with an automatic 
flash butt-welding machine, since automatic control of 
the welding process is essential in order to ensure the 
uniform weld quality required for these tools. Because 
of its greater specific electrical resistance, the carefully 
cleaned tooth is clamped in the jaw of the welding 
machine in such a way that the distance between its 
abutting face and clamp is one-half that between the 
abutting face of the body and the respective clamping 
jaw of the ma- 
chine (Fig. 1). 
Immediately 
after welding of 
all teeth has been 
completed, the 
cutter is placed 
in a muffle fur- 
nace heated to 
650 deg. C. The 
furnace is then 
left to cool off 
over night. On 
the following day 
the cutter is 
placed in an air- 
tight annealing 
box, and packed 
with well burnt- 
out charcoal. 
After slowly 


Fig. 1. Flash weld- 

ing machine set 

for welding a 

tooth to sy cut. 
ter body. 
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Fig. 2. Welded cutter versus cutter with inset teeth. 





Fig. 3. Slotting the rotor of an alternator. 


heating to 800 
deg. C. and an- 
nealing for eight 
hours at this 
temperature, the 
box is left to 
cool off slowly. 
After machin- 
ing, the cutter is 
once more packed 
in an annealing 
box in the afore- 
mentioned 
manner and 
heated for six 
hours from 200 to 1000 deg. C. It is then further 
heated to quenching temperature within 25 minutes, 
whereupon it is quenched in air and subsequently 
tempered in an air-circulating furnace. After hardness 
test and acoustic examination for cracks, grinding of 
the cutter can be proceeded with. 

As indicated by Fig. 2, a butt-welded cutter with 44 
teeth possesses only _ five 
machined surfaces as compared 
to no fewer than 269 in the 
case of the cutter equipped 
with inserted teeth. Also, the 
butt-welded cutter can be re- 
sharpened 75 times and the in- 
serted-tooth cutter only 30 times. 
The lower economic limit for the 

_ butt-welded cutter type lies at 
250 mm. diameter and 6 mm. 
cutting width. But, where 
greatest economy in high- -speed 
tool steel is called for, it may be 
worth while to go below this 
limiting diameter. For some 
years, butt-welded cutters have 
given excellent service in the 
machining of ~~ pieces, such 
as shown in Fig. 3 





Fig. 4. Roller-type milling cutter 
with Arcatom welded teeth. 
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Roller-type milling cutters can be built up by the 
Arcatom welding method in which small cutting tips of 
high-speed tool steel are welded to a body of alloyed 
structural steel, as shown in Fig. 4. In order to counter- 
act carbon depletion, a welding rod of high speed tool 
steel material with high carbon content should be used. 
Also, the rod should be coated with colloidal graphite 
prior to the welding operation. Stress-relief anneal 
should be carried out in the aforementioned manner. 
During welding the cutter body must be kept at 600 
deg. C. The diameter of the welding rod should not 


be greater than 2 mm. in order to prevent premature 
solidification of the molten metal within the hydrogen 
envelope surrounding the two electrodes. Otherwise 
formation of drops of liquid metal will not occur. 
Likewise, the hydrogen should be made to sweep the 
joint itself so as to assist proper weld formation and to 
safeguard crack-free hardening of the cutter. The 
anneal can be carried out equally well in a salt bath or 
a muffle furnace. For quenching, a hardening oil .at 
70 deg. C. is used. 


CONVERTING TWO-STROKE ENGINES FOR PRODUCER GAS 
| OPERATION. 
By M. PLANIOL. (From ATZ Automobiltechnische Zeitschrift, Vol. 46, No. 7/8, April 25th, 1943, pp. 186-187). 


Tue Cie. Lilloise des moteurs has constructed several 
thousand Junkers-type opposed-piston engines of 
85mm. bore, 2 x 105 mm. stroke, 25 h.p. per cylinder 
at 1500 r.p.m. The exhaust opens 25 deg. before the 
scavenging ports and closes 5 deg. earlier. As these 
engines are fitted to thousands of vehicles of all de- 
scription, which must not be laid up, it became ne- 
cessary to convert them for running on producer gas. 
Conditions imposed were that air and gas should not be 
mixed outside the cylinder to prevent explosion, and 
that conversion should be possible by means of standard 
workshop equipment. 

The working cycle newly developed is similar to that 
of the Erren hydrogen engine. On each cylinder head 
an additional reciprocating pump is fixed, the piston of 
which is secured to the scavenging piston. This gas 
pump has a cylinder volume approximately equal to half 
that of the engine cylinder. It draws the gas from the 
producer and, pumps it at 3 atmos. into the “‘ ignition 
chamber ”’ which is screwed into the cylinder in place of 
the injection nozzle. This ignition chamber is fitted 
with an inlet valve, governed by the injection valve 
camshaft, and a sparking plug. It is connected to the 
cylinder by means of a 13 mm. dia. passage way, arranged 
tangentially to both the cylinder and the ignition 
chamber. Thus, every flow of gas or air, such as inflow 
of fresh gas into the cylinder ; overflow of fresh air from 
the cylinder into the ignition chamber during compres- 
sion stroke; the expansion of ignited gas from the 
ignition chamber into the main combustion space, 
cause good mixing. In the main combustion space, 
opposite to the ignition chamber, a second sparking 
plug is fitted, in place of the indicator nipple, and the 
combination of the two plugs provide reliable ignition 
at various loads. Since engine power is controlled by 
varying the gas supply only, by means of the inlet 
valve, while the quantity of scavenging air is constant, 
the composition of the charge varies widely. A single 
sparking plug would not be sufficient to guarantee 
ignition at all loads; e.g., at full load, a volume of gas 
equal to about half the cylinder volume is forced into 
the ignition chamber, of which the major part over- 
flows into the cylinder and forms there a sufficiently 
tich mixture which can be readily ignited by the plug 
located there. At partial load the mixture in the 
cylinder is poor, but it forms a combustible mixture in 
the ignition chamber and is thus ignited by the plug 
located there. 

The French designer, Pierre Grégoire and the 
Manathis Co. are developing a method to run a sca- 
venged two-stroke engine by means of the suction 
exerted by the exhaust gas column. With this sca- 
venging method, diesel ‘engines reached a volumetric 
efficiency of 115 per cent. without blower, so that the 
m.e.p. rose from 5-6.5 atmos. in the usual two-stroke 
engines to 10 atmos. The depression in the cylinder 
Is provided by the kinetic energy of the gas column 
flowing in the exhaust pipe with an oscillating motion. 


With a two-stroke engine, the chief problem is to 
maintain the temporary low pressure in the cylinder for a 
sufficient time and to avoid back-flow of the oscillating 
exhaust gas column into the cylinder (several patents 
have been taken out to cover solutions of this problem). 
Stroboscopic investigations on the running engine have 
shown very quick oscillations of the gas column, damped 
by multiple reflections on the exhaust duct walls. By 
adequate design of the exhaust pipe, appropriate timing 
of inlet and exhaust ports and provision of appropriate 
dampers, this method of scavenging may be made in- 
dependent of the speed to a large extent. As all 
phenomena involved are very complex, this method was 
not accessible to mathematical treatment, but tests have 
at least cleared the ground. As engines using this 
method of scavenging are very noisy, research con- 
tinues to seek an efficient exhaust silencer. 

To obtain sufficient volumetric efficiency by means 
of the oscillating exhaust gases, the exhaust port area 
must be large when compared with cylinder cross- 
sectional area. The ports must open fully as quickly as 
possible, but must remain open for a short time only. 
A Bolinder-engine modified by Grégoire had optimum 
power if the exhaust ports, controlled by the piston, 
opened at 70 deg. before B.D.C. and closed approxi- 
mately at B.D.C. The scavenging valves opened 
approximately at 50 deg. before B.D.C. and closed at 
50 deg. after B.D.C. The cylinder head had been 
modified and provided with inlet valves actuated by 
push -rods. But with two-stroke engines difficulties 
were encountered with the valve gear because of the 
short times the valves remain open, as the camshaft is 
rotating at crankshaft speed. 

The Bolinder-engine is started with crankcase com- 
pression. After the engine has started, the gas is shut 
off from the crankcase by means of a three-way cock 
and the crankcase aspires air only, while the gas is 
aspired by the action of the exhaust gases. 

The big 55 h.p. Lanz “‘ Bulldog ” tractor (bore: 
225 mm., stroke: 260 mm., 750 r.p.m.) has its working 
cycle completely modified for using wood gas. The 
crankcase acts as a scavenging pump, which blows pure 
air transversely across the cylinder. A small sliding 
vane, rotary blower, aspires the gas and delivers it 
through four automatic valves, fitted in the modified 
cylinder head, into the cylinder. The automatic 
valves open at 400 grams gas pressure, as soon as 
scavenging has sufficiently reduced the pressure in the 
cylinder. The blower is chain-driven from the crank- 
shaft and is fed by an impeller wheel. The delivery 
characteristics of the blower and of the impeller com- 
pensate each other, so that, the engine torque is approx- 
imately constant at all speeds. For starting the Bull- 
dog engine, a small 250 cu. cm. two-stroke engine is 
provided, driving it through a chain drive and clutch at 
50 r.p.m. It is claimed that conversion is possible with 
the equipment of an average workshop and that the 
work required is not excessive. 











206 THE ENGINEERS’ DIGEST 


PLANER TYPE MILLING MACHINES BUILT FROM SUB-ASSEMBI IES 


By CHIEF ENGINEER A. Dirr VDI, Nirtingen. 


(From Werkstattstechnik Der Betrieb, Vol. 37/22, No. 6, June, 


1943, pp. 233-237.) 


Face milling cutters, especially of hard metal, are 
often superior to planer tools for roughing, smoothing 
or finishing as well as for machining cast iron, steel 
or light metal. This is especially the case if several 
faces of one work-piece can be milled simultaneously. 
The accuracy and the surface finish of all the milled 
faces are the same and therefore meet high demands. 
It is possible to build up these machine tools by 
comparatively few groups of sub-assemblies, in such a 
manner, that even special machines can be produced 
which may be required for the purpose in question, 


but in doing so it would be useful to consider the 
following principles of design : 

(a) Size and driving power of the gear for the cutter 
bar should depend on the work to be handled and the 
material to be milled, not on the dimensions of the 
table: there may be heavy milling work on com- 
paratively small machines, requiring a strong spindle 
and gear; on the other hand, perhaps only smail faces 
are to be milled on large and bulky work pieces. 

(6) Milling gear and spindle should beso arranged 
that they can work at any inclination ; this implies a 


TABLE I. FUNDAMENTAL TYPES. 





Type Fundamental Types 


Special Type Swing Type 





Single horizontal 




















Double horizontal 
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single drive for each gear. 

(c) Special gears are required for machining cast 
jron and steel, and for light metal, as the differences of 
speeds and feeds are too great for a single gear. 

(d) The dimension of the cutter bar or milling 
spindle must be strong enough and the distance between 
the drive and the tool so chosen, that twisting and 
bending vibrations as well as elastic deflections at the 
cutting edges are avoided. 

(e) The large forces developed in modern milling 


tools, as for instance head cutters with hard metal 
edges, necessitate high driving power and strong motors. 


(f) Other points of special importance are sufficient 
rigidity, selection of suitable raw materials, correct 
material distribution and shaping, permitting an un- 
hampered flow of chips. 


These demands have generally been met, as far as 
possible, in the designs shown in Table 1, for which the 
assembly-groups are shown in Table 2. 


TasBLeE II. ASSEMBLY GROUPS AND PARTS. 
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CUTTER DRIVING-GEAR. 

Four different units with a uniform adjustment 
guide can be used for the same standard machine in the 
horizontal, vertical or inclined position. The two 
high-speed units, with spindle diameters of 80 or 

100 mm., are driven by an adjustable flanged motor by 
means of a V-belt (Fig. 1). The revolutions of the first 
spindle can be altered easily from 630 to 2,500 and of 
the second spindle from 250 to 1,000 per min. in 6 
standard steps by changing the V-belt pulleys. Cutting 
speeds of 300 to 1,000 mm. are recommended for light 
metal when using hard metal cutter heads. 























Fig. 1. Cutter driving-gear for milling light metal. 


The spindle heads of 160 and 200 mm. diameter for 
machining cast iron and steel (Fig. 2) are driven by 
means of a change speed and worm gear. The large 
diameter of the worm wheel in the middle of the spindle 
necessitates a recess in the adjustment guide, and is 
preferable to a drive from the end of the spindle which 
method would be more sensitive to twisting moment. 
This construction of the worm gear results in a much 
higher efficiency than is usual with worm gears of 
normal design. The revolutions of the spindles are 
20 to 120 and 16 to 100 per min. normally, but they can 
be increased to 63 to 400 and 50 to 320 r.p.m. respec- 
tively by changing over to multiple worm gears if small 
cutters must be used mainly 

Besides the mechanical adjustment of cutting width 
and depth, all gears have also an hydraulic means of 
adjustment, including a hydraulic clamp for the spindle 
bush at both end positions. Automatic control takes 
place by means of stops at the table. The milling heads 
are raised before starting the accelerated return 
stroke of the table in order to avoid milling _ 
during the high return speed, but the hydraulic - 
mechanism can be so adjusted that milling takes 
place in both directions. This is used for large . - 
cutting depths or during the first roughening 
stroke and during the return stroke if smoothing 
or finishing at increased speed is required, this is 
achieved by automatically switching over the 
poles of the driving motor. 


TABLES. 


Four table-widths of 500, 630, 800 and 1,000 
mm. can be combined with various lengths from 
1,600 to 4,000 mm. The great height of the 
tables guarantees sufficient rigidity. V-grooves 
with flat guides on both sides, provide accurate 
guidance, working automatically without clear- 
ance, and prevent any giving way or tipping of 
the table, even in the case of heavy work-pieces 
and of great milling height. 

The machine bed guides the table during 
the whole length of the working stroke; it 
has three separate spaces for oil, coolant and 
chips. The quantities of cuttings are con- 
siderable and are collected either into these 





























Fig. 2. Cutter driving-gear for milling cast iron and steel. 





























Fig. 3. Trolley for collecting chips. 


spaces in the bed of the machine or into trolleys 
standing beside the machine (see Fig. 3). 

Although the construction of the planer type milling 
machines is somewhat similar to the planing machine, 
a great difference exists with regard to the internal forces 
and stresses. They depend on the method of milling 
(climb milling or conventional milling), the type of 
tool (face cutter, formed cutter, gang cutter, end mill), 
the direction of feed, the cutting depth, etc. The 
smallest deviation of the axis of the tool as a result of 
these forces may cause inaccuracy of the machined face. 
The machine stand, composed of the frame, the cross 
girt or cantilever and the cross head or over arm, has 
therefore to be designed with special care and as suitably 
as possible. Frame and cross girt must have a wide 
bearing surface for the milling slide, and secure clamping 
in both planes must be provided for ; an almost square 


HELLER 


Fig. 4. Double planer type milling machine with two hori- 
zontal and two vertical spindles, and a fifth (vertical) spindle 


behind the cross girt. 
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Fig. 5. Planer type horizontal milling machine with auxi- 

liary frame and cross over-arm for the bearings of the 

cutter arbour. (21 kW, 200 mm. spindle dia., 2000 x 5000 
mm. useful table area). 


section of the frame would not only prevent bending 
backwards or sideways, but would also give rigidity 
against torsion. 


HYDRO-MECHANICAL FEED DRIVE. 

The feed drive of milling machines should be as 
uniform and free of play as possible, even under the 
influence of largely fluctuating forces in different 
directions. This can be obtained by a combination of 
mechanical and hydraulic devices. The hydraulic 
drive permits continuous regulation of the speed of 
feed in the range of 1 to 50, and can be controlled simply 
by hand or by stops at the table, and it is well protected 
against overload. 

Whilst the construction of normal machines can be 
visualised from Table I. and Fig. 4, it may be of interest 
to note the representation of special machines in Fig. 5. 
This machine is specially adapted for heavy work by 
face cutters, formed cutters or gang cutters. This work 
should be carried out by conventional or up-cutting 
because the cutting forces are directed against the 
table and the work pieces can be held better within the 
clamping devices. 

The article includes the description of a machine for 
machining crank-cases. The two milling slides have a 
hydraulic profiling attachment with feeler control of 
milling the radii of cylinders. The machine is built up 
in standardized sub-assembly groups with the exception 
of the milling slides. 


PIT COAL OF HIGH ASH AND MOISTURE CONTENT AS BOILER FUEL 
By Dr. Inc. H. LENT. (From Zeitschrift des V.D.I., Vol. 87, No. 17-18, May Ist, 1943, pp. 241-250). 


SUCCESSFUL utilisation of low grade pit coal containing 
considerable percentages of ash and moisture is condi- 
tional upon the solution of the various problems con- 
nected with the handling and firing of the fuel in the 
steam raising plant. 

When burning fuels of this kind, attention must be 
paid to the fact that ash and moisture content protracts 
the ignition process and also lowers the combustion 
temperature. Consequently, combustion proper pro- 
ceeds at a correspondingly low speed, and combustion 
efficiency may be adversely affected by the magnitude 
of carbon losses in the ash unless adequate combustion 
equipment is chosen. No less care must be exerted in 
the design of the furnace and of the heat absorbing 
surfaces of the boiler, which must be able to cope with 
the large amounts of ash to be handled. The seriousness 
of this aspect is amply evidenced by the fact that a boiler 
designed for a steam output of 100 tons per hour with 
the use of a fuel containing 25 per cent of ash must 
handle some 100 tons of ash per day. Special measures 
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Fig. 1. Duerr-Ruprecht gravity grate. 





to keep the boiler surfaces clean are, therefore, a prime 
requisite of satisfactory boiler efficiency. 

In this connection, the fusion point of the slag and 
its plastic and viscous characteristics are also of vital 
importance. Unless adequate measures have been 
taken from the outset, serious difficulties caused by slag 
accumulation in the furnace and “ bird-nesting” in boiler 
and superheater surfaces are likely to result. Fly-ash 
deposits on the other hand, can be removed with com- 
parative ease by the use of adequately arranged soot 
blowers. But the problem of fly-ash removal from the 
stack discharge must also be faced ; and this cannot be 
solved to full satisfaction by the provision of flue dust 
collectors. A more promising method consists in 
keeping the furnace temperature above the fusion point 
of the ash, so that the ash collects on the furnace bottom 
in liquid state, from whence it is intermittently or con- 
tinually tapped off. Except for one German installation 
of this kind which has been in operation for the last ten 
years, large scale application of this operating principle 

was first resorted to in the United States 
and also in Czechoslovakia. 

With slag tap operation, ignition is 
facilitated ; while the increased flame tem- 
perature and the augmented speed of com- 
bustion reduce carbon loss. At the same 
time, furnace and boiler capacity are con- 

: siderably increased. By adopting slag tap 
operation, boiler efficiency is increased by 
about three per cent with the boiler capacity 
rising by approximately 10-15 per cent. 
Also, from 40-50 per cent of the ash re- 
mains in radiant part and combustion 
chamber, as compared with no more than 
10-15 per cent in previous practice. Asa 
tule the moisture content of bituminous 
coal will range from 3-15 per cent, accord- 
ing to the provenance and preparation of 
the fuel; while an ash content of 40-50 
per cent represents the upper economic 
limit. 

With the firing of such low grade coals 
on chain grate stokers, furnace heat releases 
of 150,000-175,000 kcal. per cu. m. per 
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Details of slag-tap system 
i boiler shown in Fig. 3. 
(a) Overflow; (b) 4 Grooved 
spouts ; (c) Water level; (d) 
Clinker grinder ; (e) Slicing bar. 
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Fig. 2. Once-through forced flow boiler with improved 
aemer type classifier mill. 
Evaporating capacity 50/62 tons per hour at 1,278 lb. per sq. in. 
pressure and 950 deg. F. final steam temperature. 
(a) Radiant part ; (b) Superheater ; (c) Transition zone ; (d) Needle 
type air preheater ; 3 (e) Economiser 3 (f) Kraemer mill ; (g) Secondary 
air inlet in rear wall, 


hour (16,850-19,670 B.Th.U. per cu. ft. per hour) can 
be reached. Owing to the lower calorific value of coals 
with high ash content, full utilisation of grate and boiler 
capacity can only be achieved by a correspondingly 
increased depth of the fuel bed on the grate. But this 
greatly increases control of the combustion process, 
and with a coking fuel the applicability of chain grate 
stokers must, therefore, cease altogether. 

A new type of overfeed stoker is shown in Fig. 1. 
In this design, movement of the fuel bed is effected by 


Sl (ig 





I, Vit111¢1t¢s 


Fig. 3. Boiler for slag-tap operation. 
Evaporating capacit "= tons per hour at normal load, 90 tons per 
hour at max. cont. load, and 100 tons per hour at 2 hr. peak load 
at 455 Ib. per sq. in. pressure and 752 deg. F. final steam temperature. 
(a) Slagging furnace ; (b) Slag screen ; (c) Superheater ; (d) Air pre- 
heater ; (e) Economiser ; 3;@® High-capacity classifier mill. 
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a periodic lifting and dropping of the grate as a whole. 
Forward motion of the fuel by gravity is further assisted 
by combining the dropping of the grate with a short 
forward motion of the grate, this motion ending in an 
impact against a stop. The amount of lifting is adjust- 
able. This movement causes a certain flotation effect, 
the larger pieces tending to float on top, thereby facili- 
tating ignition and preventing the occurrence of holes 
in the fuel bed. Grates of this type for boiler capacities 
of 50 tons per hour are under construction. 

Since 1935, the Kraemer mill, originally developed 
for lignite firing, has also been adapted to the firing of 
bituminous coal with high ash content. Initial ex- 
periences were not, however, favourable because of an 
inadequate furnace design, causing considerable slagging 
difficulties. These shortcomings were gradually over- 
come by resorting to very fine grinding with the use of 
classifying devices, and also by admitting secondary air 
through both front and rear wall, thereby effecting the 
desired shortening of the flame. A_ once-through 
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Fig. 5. Bent tube boiler with radiant boiler lanes and slagging 
furnace. 
Normal evaporating capacity 56 tons per hour, max. cont. load 70 
tons per hour at 455 lb. per sq. in. pressure and 797 deg. F. final 
steam temperature. 
(a) Slagging furnace ; (b) Slag screen ; (c) Superheater ; (d) Econo- 
miser ; (e) Air preheater. 
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boiler for 1278 Ib. per sq. in. pressure and 950 deg. F. 
steam temperature equipped in this way is shown in 


ig. 2. 
PY oiler efficiencies of 84-85 per cent and a high 
degree of operating flexibility have been achieved with 
turbulent corner firing, the pulverising mills being of the 
orthodox type. However satisfactory they may be in 
other respects, these designs do not solve the problem 
of ash removal. In consideration of this fact, a colliery 
operating in the Ruhr district decided to rebuild two of 
their boiler units for slag-tap operation. While no 
important alterations were found to be necessary as far 
as upper furnace part and the boiler itself were concerned 
a sweeping reconstruction of the corner-fired lower 
furnace part proved necessary. The salient features of 
the boiler after reconstruction are shown in Fig. 3. 
Here the pulverised coal dust delivered by four high 
capacity classifier mills is discharged through a number 
of down-shot burners located in the sloping arch of the 
water-cooled furnace. The entire combustion chamber 
as such may be considered as a large “‘ trough ” placed 
under the boiler proper, the walls of the “‘ trough ” 
being lined with stud-type water wall tubes. Stud- 
type tubing is also employed for the slag screen extending 
obliquely across the furnace, thereby dividing it into two 
compartments. All stud tubes are covered with plastic 
refractory, thus preventing an excessive cooling of the 
combustion gases contained in the furnace. With the 
air preheat ranging from 380-400 deg. C. (716-752 deg. 


F.) and with the firing of fuels of 25-28 per cent ash 
and 10 per cent moisture content, furnace temperatures 
in excess of 1650 deg. C. (3000 deg. F.) were recorded, 
the specific heat release amounting to 500,000 kcal. per 
cu. m. per hour (56,200 B.Th.U. per cu. ft. per hour). 
Owing to the rapid rate of combustion obtaining at 
such a high flame temperature, the combustion process 
is substantially completed in the slagging furnace part 
proper. The gas temperature is progressively decreased 
as the gases pass through the slag screen and through 
the second-stage furnace chamber until a temperature 
of 900-950 deg. C. (1652-1742 deg. F.) at the super- 
heater inlet is reached. This temperature is sufficiently 
low to exclude “ bird-nest”’ formation in the superheater. 

Details of the slag-tap system employed are shown 
in Fig. 4. The slag-tap opening in the furnace bottom 
is built in the shape of an overflow, so that a slag depth 
of 20 cm. (8 in.) above the furnace bottom is maintained. 
The reducing furnace atmosphere prevailing above the 
liquid slag surface leads to the reduction of the iron- 
oxide contained in the slag. Damaging of the furnace 
bottom by accumulation of molten iron is obviated by 
the incorporation of a La Mont type cooling system in 
the furnace bottom. 

The layout of a bent tube boiler specifically designed 
for slag-tap operation is shown in Fig. 5. This design 
is remarkable for the creation of wide gas lanes in the 
boiler surface by appropriate arrangement of the boiler 
tubes. 


FATIGUE TESTING OF METALS 
By P. G. SOERENSEN. (From Maskinteknik, Copenhagen, No. 22, March 25th, 1944, pp. 17-27). 


TuE 20-ton pulsator fatigue testing machine installed at 
the State Testing Institute at Copenhagen is an hydrauli- 
cally operated unit permitting a maximum load variation 
of 20 tons within a range of 20 tons compression and 
20 tons tensile loading. Its frequency can be adjusted 
at 750, 1000, 1500, or 2000 cycles per minute. The 
working principle of the machine is outlined in Fig. 1, 
showing an upper ram (a) and a lower plunger (b). 
The test specimen (c) is secured at its ends by the grips 
of stationary head (d) and straining head (e) respectively, 
the latter being carried by the lower cross-head (f). 
The upper and lower cross-head (g) and (f) are con- 
nected by the rods (h). The cylinder space below the 
ram (a) is connected to atmosphere, so that the ram can 
move downward under the pressure of the oil admitted 
from the pressure oil reservoir to the upper cylinder 
space. (Pressure gauge (1) records the oil pressure, the 
gage dial of (1)—as also those of gauges (t) and (s)— 









































Fig. 1. Diagrammatic arrangement of the Pulsator Fatigue 
Testing Machine. 





being calibrated in tons of loading). Pressure oil is 
supplied by a three cylinder Bosch pump (j), shown in 
the upper r.h. part of Fig. 1 ; this is equipped for both 
manual and automatic control, the latter being effected 
by electrical contacts operated by the pressure gage of 
the machine. 

The other oil pump (j) indicated at the lower r.h. 
side of the illustration, supplies the lower cylinder of 
the machine, its pressure acting upon the ram (b). The 
oil pressure variation in the lower cylinder is effected by 
the pulsating device shown in the left hand side of Fig. 
1. This device consists of the plunger (m) operated by 
cam (p) and tappet (n). The cylinder space of the lower 
ram is also in connection with the pressure distributor 
consisting of a rotary three-way valve (q) in the cylinder 
(r). The valve (q) rotates in synchronism with cam- 
shaft (p) and is so adjusted that by alternative connection 
of the gauges (t) and (s) to the oil pressure line the 
momentary minimum oil pressure acting upon the 
lower ram is continually indicated by gauge (t), while 


gauge (s) continually re- ,, 





gisters the maximum pres- 
sure set up by the upward 
movement of plunger (m) 
whenever the tappet (n) is 
lifted by the revolving cam 
of the pulsating device. 
Both the pressure distri- 
buting valve and the pul- 
sating device are driven by 
a special electric motor 
(not shown in Fig. 1). 
The actual testing pro- 
cedure is as follows : Upon 
insertion of the test bar in 
the machine, oil is ad- 
mitted above ram (a), 
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thereby applying tensile 
loading to the bar. This 
loading can be varied by 
adjustingthecounteracting _. 
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View of Pulsator Fatigue Testing Machine. 
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Fig. 4. Test specimen broken in thread. 


the cyclic pressure generated by the pulsator, the 
resultant load pulsates between a maximum value P, 
and a minimum value P;. The respective loads P, and 
P, are registered by the gauges (t) and (s). From the 
time scale it can be seen that this particular run is made 
with a pulsator speed of 750 revolutions per minute. 
The actual load imposed upon the test bar at a given 
moment is found as the algebraic difference between 
the tensile loading P, exerted by the upper ram and the 
momentary compression loading applied by the lower 
ram. The resultant tensile loading acting upon the 
test bar is charted in the lower part of Fig. 2. Ob- 
viously, by appropriate adjustment of the respective 
loading pressures of the upper and the lower ram, a 
loading condition can be established in which the test 
piece is subjected to cyclically alternating compression 
and tensile stress. As will be seen by reference to Fig, 
3, the machine is provided with a dove-tailed test bed 
to which two supports can be affixed for carrying out 
bending tests on horizontally placed test pieces. The 
machine is used for obtaining the usual Wohler curves, 
for ascertaining notch effects, and for studying the 
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Fig. 3. influence of surface condition, particularly of surface 

corrosion. It is also useful for investigating the fatigue In 
oil pressure exerted in the lower cylinder upon the lower strength of bolted or welded joints. A typical notch- pieces 
ram, while cyclic pressure variations can be impressed effect failure obtained with this machine is illustrated ip when 
by means of the pulsator. In the upper part of Fig. 2 Fig. 4. Incidentally, this failure proves that the use of this a 
the constant tensile load P, exerted by the upper ram, test specimens with threaded ends for fatigue testing locke 
is given as an horizontal line. By the superimposition of cannot be recommended. unloc 
sprin; 
SAFETY DEVICES ON PRESSES AND STAMPING MACHINES ; 2 
evic 
(From Mécanique, Paris, No. 315, July, 1943, pp. 235-6.) come 
IT is well known that work on presses is by far the most ready for the work-piece to be inserted, and it is in that thus | 
dangerous occupation in the metal industry, unless position also that the finished article is ejected. After the v 
well-proved precautions are taken. It was an in- the lever is released the side springs reset the machine do ar 
estimable improvement for workpeople and employers for bending (Fig. 1b). For bending simpler parts, simi- die is 
alike when it was made compulsory to fit devices for lar fitments can be made without the rack mechanism. F; 
safeguarding workers’ hands on such machines. prove 
This was made compulsory in Germany in 1934, oo opera 
with a change-over period of 3 years for the a L absol 
Eastern Provinces, to fit existing machines and to safety sheet 1S pt 
educate the workers in their use. Some short- withc 
sighted workpeople opposed this measure, but my. 
these troubles have now been definitely overcome, direc’ 
with monthly conferences of employers and | foren 
workers on this subject. their 
The aim of the makers of such devices is to devic 
protect the fingers of the worker so that he secur 
cannot injure them even if he wished to do so. mach 
For instance, a stamping machine holder is contr 
closed on all sides by a protective shield, and it be er 
is only when the fixture is withdrawn well clear tions. 
of the ram that the shield divides into two parts of th 
and allows another work-piece to be inserted. T 
Similarly, in a special riveting machine, the phe 
operator has to withdraw the holder out of the ‘ 2, T 
line of action of the snaphead before he can @ safety 
— a rod i e ee able —— the next | y Help 

work-piece, when the safety catch is again put on ie 4 
by the action of two springs. e—T4 4 by 
The fitment on the bending machine shown } \ By K 
in Fig. 1 works in a similar manner. Fig. la Cn" ae “ b C _) | i D 
shows the fitment withdrawn, held by lever h, prea before bending ~_ ar 
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Fig. 2. 


Riveting-machine fitting. 
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In the riveting machine, shown in Fig. 2, the work- 
pieces can only be inserted outside the danger zone, 
when the lower part is slid into the working position ; 
this action stretches the springs and the lower part is 
locked. After riveting is done, the upper part on rising 
unlocks the lower part, which is then drawn out by the 
springs. 

Another step forward and we get the stamping 
device shown in Fig. 3. When the press lifts, the die 
comes forward and passes the protecting sheet. It is 
thus forcibly brought into the right position for putting 
the workpiece in place, without the operator having to 
do anything about it. When the tool descends, the 
die is drawn back into its working position. 

Fig. 4 shows a riveting-machine fitment which has 
proved to be particularly effective in protecting the 
operator’s fingers. Workpieces can be put into position 
absolutely without danger because the operator’s hand 
is pushed outside the fitment if the press descends 
without the worker’s knowledge. 

These few examples show in what 





























found. piece to be stamped 








direction machine makers, as well as 








foremen and supervisors, should direct 











their research. But, whilst these safety 
devices should give every possible 
security, a strict inspection of the 
machines should be made by a weekly 
control. All defects discovered should 














be entered in a register, and all sugges- 





tions, made by the operators, so that both 
of these may be given full attention. 
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safety sheet 


By ik’ 








Ten safety maxims for the operator 











are :—1. Work in an attentive manner. 
2, Take all the time necessary to ensure | 














safety. 3. Use the protective appara- 
tus. 4. Instruct the beginner. 5. 
Help your mates. 6. Don’t rely on 

















others. 7. Do not neglect any injury. 
8. Keep your working space in order. 
9. Do not allow yourself to be distracted 











tom your work. 10. Act as if the 
safety of the whole shop depended on 
what you do. 
























































i Fig. 4. 
riveting 
to be done 
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INTERNAL STRESSES OF I-BEAMS 


By R. V. Baup and M. INAN. 


I. INTRODUCTION. 


WHEN an I-section girder leaves the rolling mill train, it 
is of approximately uniform temperature. The web, 
however, having a greater surface per volume than the 
flanges, cools down much faster (Fig. 1). This uneven 
cooling produces internal stresses, which could be cal- 
culated if the temperature as a function of time was 
known. S. Timoshenko (p. 203 of his “ Theory of 
Elasticity,’ 1933), has done so by further assuming that 
Young’s modulus E£, Poisson’s ratio m, and the co- 
efficient of thermal expansion « are all functions of the 
temperature. 














Time 


Fig. 1. Process of cooling down. 


To arrive at a solution for more complicated cases 
the present paper is based on two assumptions : 

(a) the temperature at any point of the web is 9s, 
and at any point of the flanges O, 

(b) there is a certain temperature difference 

40 = 0, —@s (1) 

which is responsible for the final internal stresses. 

It is to be noted that Timoshenko’s method is not 
applicable here as the temperature at the fillet is 
suddenly changing from @s to @; (assumption a). 


II. THEORETICAL PART. 
Whatever the way in which the problem is to be 
tackled, two basic relations remain valid : 
i, a ore 33 ate (2) 
‘'N,O,M=0.. ae (3) 
Eq. (2) states that at the fae the flange strain and web 
strain are equal, while eq. (3) gives expression to the fact 
that at any section the internal forces are zero as there are 
no external loads. 
1. Approximate solution for beams of infinite length. 
Further assumptions made are on the longitudinal 
stresses, namely 
(Ox)r = const. = Of 
(Ox)s X const. = Os 
which exclude beams of finite length. 
Then, equations (2) and (3) can be written 
Or Os 
aG+—=-46+—.. si (2’) 
E E 
Or Fp + os Fs = O oa ne es (3’) 
(o denotes direct stresses, F areas, index S refers to web, 
index F to flange). From (2’) and (3’): 
a E (Oy — @s) 
SSS mae bes 4 
F (4) 
l+— 
Fy 


(From Schweizer Archiv, Vol. 9, No. 9, September, 1943, pp. 276-2:7.) 


« E (@; — @s) 
oF = ——————___... .- (5) 
Fy 
1+— 
Fs 


E.g., with « = 1 x 10°; E=2 x 10° 


F, 
ae = 3 (standard section DIN 14) 
Ss 


40 = O@ — Os = 100 deg. C. 








the stresses are os = — 1500 kg./cm.? 
Or = — 500 kg./cm.? 
2. Solution for 
beams of Pe gh eds ia ae 
finite length. ——— 
Here, eqs. (4) 





and (5) are valid for 
the middle of the 
beam only, but | 
break down entirely a 
for the ends of the (ty) 
beam. As _ the ’ 
previous example Fig. 2. Web under edge shear. 
has shown, the 

internal stresses are greatest in the web. Therefore, the 
problem is attacked so that the web is considered de- 
tached from the flanges (Fig. 2), and consequently is re- 
duced to a plate problem. Because of the detachment, 
the previous internal stresses are considered as external 
stresses. This is shown in Fig. 2, wherein it has been 
assumed, that in.the plane of cut, shear stresses are 
present only. Fhe boundary conditions for this ‘‘ web- 
plate ” are: 


for y = + ¢—>Ttxy = —7). f(x) and oy = 7 
(6) 














ll | 


for y = —c—> Txy + 7) .f(x) and oy = 0 
for x = +1—-7xy = Oand ox = 0 
where f(x)—for reasons of symmetry—is an uneven 
function. A further condition for f(x) is that for x = 
+] it vanishes. A priori 7) the average shear stress is 
l 


J 700) dx 
0 
™%™ = ———— .. ice (7) 
l 
1 


or | fe) (ay ae re (7a) 
0 


At first we assume that f(x) is known. The task is 
to determine the three stresses Ox, Gy, 7xy, so that 
conditions (6) are satisfied. As is well known, three 
differential equations are available for this :— 




















0ox Orxy 
+ =0 x a4 (8) 
Ox Oy 
Ooy Orxy 
- = 0 34 ‘2% (9) 
Oy Ox 
0*(ox + Gy) 06x + oy) 
4. =0 .. (10) 
Ox? dy? 


All three equations will be used in the exact solution 26, 
while in the engineering solution 2a, the compatibility 
condition eq. (10) is neglected, i.e., replaced by an 


assumption. 





(2a). 


equili 
simp] 
depth 
norm 


and h 


Now. 


and i 


From 


Simi 


It is 
(2 


tribu 


whic! 
satist 
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Oy = 





e, the 


is re- 
nent, 
ernal 
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web- 
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(7a) 
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that 
hree 


(8) 


(10) 


1 2b, 
ility 
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(2a). Engineering solution. 
Here the aim was to obtain the stresses from the 
equilibrium conditions (9) and (10). For the sake of 
simplicity ox = const. has been taken over the whole 
depth of the web. From equilibrium condition, the 
normal force at an arbitrary section is 
1 


i | rofl). ae 


x 


and herefrom, due to the assumption made 


1 





Nx To 
Ox = = --7 fre eo (11) 
Ze é 
x 
Now, from eqs. (8) and (11) 
Txy Oox To fl ) 
= —— = — — f(x 
Oy Ox c 
and integrated for y 
Bs 
Txy = —T) — f(x) + 9 (x) 
é 
From eq. (6) it follows that y (x) = 0, and thus 
Bs 
Sag = SS" Fes -. f(x) ee ee ee (12) 


c 
Similarly from eqs. (9) and (12) 
Ta yy 
6; = = <.£)|=—1] ae (13) 
2 é 


It is necessary to find the distribution function f(x). 
(a) First, a sinusoidal or distorted sinusoidal dis- 
tribution of shear has been assumed. 


Thus, x\ 2n x 
S(x) = kn (-) sin 7 “ Pe (15) 


which satisfies eq. (6). The constant factor kn must 
satisfy eq. (7a). Two cases of the positive integer n 
have been investigated: n = 0 and n = 2. 


For n= 0 
7 
kh=— (7a’) 
2 
To 1 x 
Ox=—- —.- ( 1 + cos 2) (11’) 
2 -e l 
TC yx x 
oy =—.—.7%) (= —1).conm—. (12’) 
a A e 
7 Yy x 
Txy =—7%]). —.-.sina7— (13’) 
2 ¢ 
For n = 2 
k, = 11,329 (7a”) 
) ee. ws << 24 
Ox=—k,t — 0.0098-+ (=.= —— —_-+— 
c a It wT |? a 
se 4 xs 24 x x 
COS 77 — +(= —+— ~) sin 2 = (11”) 
wv «&#B wv | 
€ 2 we x % 
Oy = Rot = (=-1) ( — — cos 7— + 
|  Y 2 
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yy x x 

Txy = —ky.%).-.—.sina7-  .. = (13”) 

ec & l 

- My stresses corresponding to m = 2 are shown in 
ig. 


B) pe 





Fig. 3. Stress distribution by engineering solution for n= 2. 


(a) Edge and centre sections ; (b) Centre section across web ; 
(c) Arbitrary section across web. 


(b) As the expressions of solution « are rather 
cumbersome, the following function has been tried as 
well : 


x 
ladda xe ee (16) 


though the boundary conditions in the corner are not 
satisfied. This leads to the solution : 


k=2 .; a ta") 
1 x? 
ox =—2.—(1-—) = (11) 
c 2? 
ese 
Oy = %-— (~ —s (i2"") 
i Ne 
y x 
Txy = —2%. -.- (ix*) 
e-4 


(2b) Exact solution. 

Here, too, it is first assumed that the distribution of 
shear stress (txy)y = +c, ie., the function f(x) is 
known. This can be developed into a sine series : 


x 
S(x) = sina . 
and note that the solution for 
x 
f(x) = sinna ; (n = integer) 


is to be repeated. Then, the single solutions are to be 
superimposed according to the Fourier series. 


7X 
The solution f(x) = sin ag itself corresponds to 


the engineering solution (a) with m = 0, (see 2a), the 
difference being that eq. (10) is taken into account, 
affecting the ox — distribution. 
For eq. (6) we then write : 
x 
For y = + c>txy = — Tmax. Sin 7 - 
1 


x 
= —¢>Txy =-+ Tmax . SiN 7 — 


(6’) 
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7 
where Tmax = — 7. (7a’) 
The other boundary conditions remain as in eq. (6). 
The Airy stress function ¢ (x, y) of this plate pro- 


blem is 





4 a7) 
Ox ==... ee ree 17 
Oy? 
O*p 
Oy = yd ate site (18) 
Oy 
my =— (19) 
Oxdy 


which satisfies eqs. (8) and (9). Above values substi- 

tuted into eq. (10) yield the partial differential equation 
Oty Oty Oy 
— +2 +—=0 .. (20) 
Ox! Ox? Oy? Oy! 

Of the many possible solutions we try the following : 





yg = F(y).cosax .. si (21) 
7 

where a= -. ne i des (22) 
l 


Substituting eq. (21) into eq. (20) : 
a. F(y)—2a? F’(y) + F’’(y)=0... (204 
The general solution of this linear differential 
equation is 
F(y)=c, cosh ay +c, sinh ay +c; y cosh ay+c,y sinha y 
(2 


3) 
y = (c, cosh ay + cy, sinh ay + cs y cosh hied + 
c,y Sinha vy)cosax .. (24) 
Thus, eqs. (17) to (19) can be written we 


2 


co. = — == cos ax [c,a* coshay + c,a* sinhay + 
ig? 
+¢ga(2sinhay +- ay cosh ay) + ca (2 cosh ay + 
+aysinhay] .. wis (25) 
Op 
oy = —— = — a®. cos ax (c, cosh ay ++ c, sinh ay + 
Ox? 
+c,;y coshay +-cqysinhay) .. (26) 
02 
try =— =a sin ax [c, a sinh ay + c, a cosh ay+ 





Oxdy 
-+¢, (cosh ay +-ay sinh ay) +c, (sinh ay + ay cosh ay)] (27) 
The constants are found from eq. (26), considering 


that for 
y= +c—oy = 0 








Herefrom, 
sinh ac 
Cy = —%y.€ 
cosh ac 
cosh ac 
Co = —C3.€ (28) 
sinh ac 


With the boundary conditions eq. (6’) we have from 
eq. (25) 
¢, a sinh ac + c,a cosh ac + cs (cosh ac-|-ac sinh ac) + 
Tmay 
+ ¢, (sinh ac + ac cosh ac) = — ; 





a 
—c,a sinh ac + c.a cosh ac + ¢s (cosh ac + ac sinh ac) 


Tmax (29) 





—c, (sinh ac + ac cosh ac) = 





* For brevity i in in the following, sh stands for sinh and ch for cosh, 


From eqs. (28) and (29) we obtain 
2 Tmax .C sinh ac 








Cc = 
, a (sinh 2 ac + 2 ac) 
—2 Tmax . ¢ cosh ac 
C—Z= 
: a (sinh 2 ac + 2 ac) 
rs 


0 

oO: ~ (30) 
Substituting cane values into eqs. (25) t to (27) we 

have the stresses : 


—2 Tmax 
Ox = ———_ [(2 ch ac — aac Sh ac) ch ay + 
sh 2 ac + 2 ac 
+a.ychac.sh ay].cos ax os “C254 
—2 Tmax 
Oy = ———————[ac sh ac ch ay— ay ch ac sh ay] cos ax 
sh 2 ac+2ac (26’) 
—2 Tmax 
Txy = ————- [(ch ac — ca sh ac) sh ay + 
sh 2 ac + 2 ac 
+ ay ch ac ch ay]. sin ax ei. CR) 


Of this solution alone ox does not satisfy the boundary 
conditions, as for x = +] 
2 Tmax 
Ox, . +1=———— [(2. ch ae — ae sh ac) ch ay + 
sh 2 ac + 2 ac 
+ay chac shay] .. sé (31) 
instead of zero. The corresponding distribution is 
shown in Fig. 4. To eliminate these stresses a second 
plate must be found which, superimposed on the first 
one, yields ox = O for x + 1. 
Fig. 4. Boundary conditions | 
for 2nd plate. 


The boundary conditions for the second plate are : 
for 


2. 


! 




















y=+e if txy=0, oy =0 
x=4+1 if ty = 

—2 Tmax 
Ox = 


sh 2 ac + 2 ac 
[(2 ch ac — ac chac) chay+ay chac sh ay] .. (32) 
The stress function for this second plate be: 

P= Po + Bi Gi + Be Pe + BPs + --- (33) 
which again must satisfy eq. (20) and the boundary con- 
ditions in Fig. 

Using the energy principle, the strain energy for 
plane stress is: 


1 O2p\2 / 0% \2 Op \? | 
\j (5 ) ( 2( Ox 0 mag 

2E 2 2 7 
y Ox x Oy (34) 


For V the minimum value, each member of ex- 
pression (33) can be determined. 











Thus 
—2 Tmax 
SySon (= ch ac sh ay— - ia acch wy) (35) 
sh 2 ac +2ac \a a 
and 0? Po —2 Tmax 
Gx = = 
Oy? sh 2 ac + 2c 


[(2 ch ac — ac sh ac) ch ay + ay ch ac sh ay] 
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Further derivatives of mp are: tS7Te Tay (HC) 
Apo Oyo 
ey = = 0 sy = = = 0. (36) 
Ox? Ox Oy 


To find the rest of the members in eq. (33), @ is to 
satisfy the boundary conditions. 


g= Ge +  — PY (CY? — tei (B, + Bex? + Bsy? + 
= Rex® BE. x.) wo (GBA) 


The unknown cautidents (B15 Bes B;) will be 
) we Bf determined by the following equations 


ep O (0 Op 0 Op 
iE Ee) S20): 
wll | | dy? OB, \dy* Ox* OB, \ Ox? 


, oO? 0 02 
(25) +2 me ( ~) | dxdy=0.. ©@9) 















































| g 
(08° and o 7 . B. - dy 2c Fyro on, '-0.025T, - ivy 
(26’) 0 aa sin aielaees ' 
ats emt | = 4 FP OY — e 

-* OB, i L | = 
(27) d ( ~*) ith attach 

— = 4(y? —c?)? (3 x? — P) act 
mn 0B, \ Ax? rr 

0 / Oy 

eis —( ) =16 «26-26%. .. (40) 

0B, \ Oxdy Le 
(31) Substituting eq. (40) and eq. (38) into eq. (39) and 
n is § integrating we have 
cond +1 +¢e P___} yor 
first 64 256° <C* 64 c# 

" ; 2 49° ; os 7 ; —)=— ~ 128/9 c5 mat! Fig. 5. Stress distribution by Exact Solution. 


(a) Longitudinal edge and centre sections ; 3 (b), (c), (d) Sections 
across web for various x. 

















po | ite in (2c.) Thermal relation for 7». 
re (P°—PYByw—c)dxdy ..  (l) The solutions given under 2 were expressed in 
ai 39 : ; ; terms of the stress 7, (eq. 7),and were thus not connected 
Substituting eq. (36) into eq. (41) and integrating to the thermal problem proper. To link up the two 
we obtain for f,, the final value we revert to the assumptions of the introduction and 2a. 
225 2 Tmax 16 12 € 2 e 6 
‘ .—. Pf 4084+ —_-— sn2 | 
128 2c sh2ac+2ac 15 a a a 
, a (42) 
64 256 c 64 cA 
(= earch oe =) 
7 49 /? i £ 
By superposition of eqs. (25’) to (27’) and ea. (38), Thus, the following assumptions have been retained : 
the complete solution of the problem is : _ 1. The simplifications (a) and (b) of the introduc- 
J tion ; 
(32) J, he [(2 ch ac — ac sh ac) ch ay + ay F 2. be nnginatinel stress Gx = const. over the 
sh 2 ac + 2 ac epth of the web. : 
(33) x2 \2 y? With these assumptions the required relation in its 
‘con- §f chaysh ay] (1 +cos ax)—4 B, /4c? ( 1—— (7 ~) general form is : 
2 ce a.E.40 c¢ 
y for (43) fe Pere, (46) 
—2 Tmax 1 Fs u 
0; =——_——————- (ac sh ac ch ay—ay ch ac sh ay) cos ax 7 F. 
ix dy sh 2 ac+2 ac “2 
a x2 ~ 
(34) 48, Pct (1 -—) (: aie =) -. (44) ~~ where p- .. (47) 
f ex- e P 
lia | [| mas] dx 
hy = —————— [(ch ac — ac sh ac) shay + aych 
(35) sh 2 ac+2 ac 5 ’ For the three chalice of 2a (engineering solution) 
x“ y 7 6 
ac ch ay] sin ax — 16 B, Pc? x.y ( 1L—— } | 1—— f(x) = —sinz - re -- (154 
P e y. 1 
(45) 


x x 
The stresses according to these equations are shown f(x) = 11300(~) sinam— .. (15”) 
in Fig. 5 for a number of sections. \] i 
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x 
accgthabd re a » 
the values of f are calculated to B = 2.00 
= 138 
B =" 150 


To find 8 for 2b (exact solution), first ox of eq. (43) 
has to be calculated for y = +c. 
Then, by considering eq. (11) we have to evaluate : 
1 ef 


To ‘ aE4O 
—|oxax ~~ | | fax | dx = —— 1 
c tL Fs 
0 


0 x 1+— 
F 
III. Experimental rart. 
Principle. 

As far as the authors are aware, the photoelastic 
method has been employed, only when it was required 
to investigate stresses due to external loads. The 
question arose whether it was possible to investigate 
internal stresses photoelastically. This is possible if 
the thermal process which creates the internal stresses 
can be imitated. Based on the simplifying assumptions 
(a) and (b) of the introduction, the following method 
has been chosen. First, the flanges have been loaded, 
while the web was detached (Fig. 6a), then the flanges 
under load have been connected to the web (Fig. 6b), 
and, finally, the external load taken off, leaving the model 
internally stressed (Fig. 6c). 


2) b) c) 


| | 






























































| | | ] ; 


Fig. 6. Principle of manufacture of model. 
(a) Flanges under tension ; web free and unstressed. 
(b) Flanges under tension ; web joined, still unstressed. 
(c) External flange load taken off ; flanges and web under internal 
stresses. 


Model. 

The model was made of ‘Du Pont” celluloid, 
which is well suited for built-up models on account of 
the ease with which the single parts can be joined. It is 
necessary to soften by acetate the contacting parts 
before joining, and then lightly pressing them together. 
The strength of the material remains unchanged by this 
process. The dimensions of the model are given in 
Fig. 7; its scale is 1:6. 


Fig. 7. 


Dimensions of 
model in 


1 
m/m ; c/l = — 
35 





Test results and conclusions. 

1. The photoelastic tests have shown that the 
shear stress 7xy at web to flange joint increases nearly 
linearly from the middle of the beam to drop suddenly 


to zero at the end of the beam. This distributio:: is jn 
best agreement with eq. (16). Thus, formulae 11”, 
12’” and 13’” should be in good agreement with mea- 
sured values, with the exception of the ends of the beam, 

2. The best agreement with measured values of 
Txy at the ends of the beam can be obtained by eq. (15) 
with n= 2. Therefore the stresses here correspond 
more closely to eqs. 11”, 12” and 13”. 

3. To effect a comparison between measured and 
calculated values, the following ratio has been tabulated : 


om Oc 
andr, = — 
To To 





where rm = 


Om = measured stress, Gc = calculated stress. 






























































Solution | (2a) | (2b) 
Station Distorted : 

f(x) Sine Sine Linear | Sine 
| Formulae jun’, 12‘ 11", 12" | 11", 12/1) 43, 44 

| Co-ordinates | | | | 

| x/l | yle | Stress} | 
1 0 1.00 | o: | 1.10 | 1.10 1.10 | 0.78 
| Gz | 1.00 1.00 1.00 | 1.00 
2! oO 0.50 | oi | 0.98 | 0.98 0.98 1.06 
| Oz | 0.41 co | 1.00 0.45 
3 0 0 o1 | 0.95 | 0.95 0.95 | 1.12 
Oz | 0.45 | 1.10 | 0.50 
4| 025 | 0 | o: | 1.01 | 087 0.92 | 1.19 
| ge | 0.68 | 4.00 1.19 | 0.75 
5| 0.50 0 | oO. | 1.13 0.61 0.75 | 1.29 
| G2 | @ 0.67 1.90 | 28.00 
6! 0.75 0 | o | 0.82 0.22 0.27. | 0.89 
| G2 |-0.15 | 0.10 0.27 | 0.17 
7| 1.00 0 | o: | 1.00 | 1.00 1.00 | 1.00 
| | 3 3.72 0.52 -9.26 | 3.81 











The table confirms, as expected, the agreement of 
tests 1-4 with the “ linear ”’ equation, while for the free 
end of the beam, test point 7 gives best agreement with 
the “ distorted sine ” values. 


25-TON OVERHEAD CRANE BRIDGE OF 
NAILED PLANKS FOR A 5,000-TON PRESS 


(From La Technique Moderne, Vol. 35, Nos. 13 and 14, 
Ist and 15th July, 1943, p. 109.) 


Tue Testing Station of the Higher Technical School of Karlsruhe 
had need of a 25-ton overhead crane bridge when erecting a 5,000- 
ton press. The side rails were on P 28 girders, 12 m. apart. A 25- 
ton lifting crab 2.85 m. wheel base was available. 

As a result of tests made at the Station, it was decided to make 
the overhead crane track of wood. The two girders are 2.85 m. 
apart, solid web, 1.45 m. deep, and are made of rough sawn boards 
nailed together, thus avoiding the need of holes to take bolts. The 
covers are made of boards, two 3/24 held on both sides of the 
web by two edgers 6/16. The joints of the lower boom are covered 
by joint-cover boards. The web is made of two layers of boards 
3 cm. thick, inclined at 45 deg. 

The counter-camber was 4 cm. Alongside the main beams 
runs a triangular beam which serves to stiffen the upper compressed 
web. Each of the two beams was tested with a 15-ton load. After 
13 loadings the permanent set was 2.2 mm. and the elastic deflection 
22 mm. After 1,000 loadings these were 2.8 mm. and 21.3 mm. 
respectively. , 

After erection, the bridge was tested with 33 tons load, i.e., 13 
times the required load. The carriage was then moved along the 
whole length of the bridge. In the middle, the deflection was 16 
mm., i.e., length/750. 

Similar bridges can be envisaged up to 30 m. long. However, 
above 20 m. it would be advisable to build with triangular beams. 
With these, the range could be extended up to 60 m. A bridge, a 
above, can be made in two working days. Seven cub. m. of timber 
were required and 30 kg. nails per cub. m. of wood for this bridge. 
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TECHNICAL NEWS 


Announcements in this section include News relating to 
British Firms, and on Equipment produced by British 


Manufacturers. 


Available literature may be secured by addressing a 
request to the advertising department of “ The Engineers’ 
Digest,” or by writing direct to the manufacturer and 
mentioning “ The Engineers’ Digest” as a source. 








| + NEW EQUIPMENT 

| + BOOKS AND CATALOGUES 
+ BUSINESS CHANGES 
+ PERSONAL 
+ NOTES 











PERSONAL. 


Dr. Norman Allen, of the research and development depart- 
ment of the Mond Nickel Co. Ltd., has been appointed Super- 
intendent of the Metallurgy Division of the National Physical Labora- 
tory. 

Professor E. A. Allcut, M.Sc. (B’*ham), M.E. (Toronto), 
M.1.Mech.E., M.E.I.C., has been appointed Head of the Depart- 
ment of Mechanical Engineering of the University of Toronto, 
Canada. 

Dr. Thomas W. F. Brown, B.Sc. (Glas.), A.R.T.C., S.M. 
(Harvard), M.I.Mech.E., M.I.N.A., has been appointed Director 
of Research of the Parsons and Marine Engineering Turbine Research 
and Development Association. 

Mr. G. H. Bygrave has been appointed research assistant on 
the technical staff of the Gas Research Board. 

Mr. C. B. Colston, chairman and joint managing director of 
Hoover Ltd., has completed 25 years’ service with the Company, 
celebrating, at the same time the 25th anniversary of the firm’s in- 
corperation at the Hoover factory at Perivale, Middx. On behalf of 
members of the organisation, Mr. E. Colston, joint managing 
director, presented his brother and co-director with an oil painting 
of his home, The Danes, Penn, Bucks., by Mr. Charles Cundall, 
R.A. Mr. C. B. Colston has been, since 1942, chairman of the 
Regional Board and Regional Controller of the London and South 
East Region of the Ministry of Production. 

Captain G. F. Davies has been appointed a director of Hick, 
Hargreaves & Co. Ltd. 

Mr. J. A. Faull, M.Inst.M.M., has been appointed manager of 
the Florence and Ullcoats Mines of the Millom and Askam Hematite 
Iron Co. Ltd. 

Mr. T. N. Jennings, Mr. F. A. Hooper and Mr. W. D. King 
have been appointed directors of Radiation Ltd. 

Mr. C. Lacy-Hulbert has been appointed joint managing director 
of the Simplex Electric Co. Ltd. 

Captain A. R. S. Nutting, O.B.E., M.C., B.A. (Cantab.), 
pe been elected chairman of the Westinghouse Brake and Signal Co. 

td. 

Mr. Charles Reid and Mr. W. M. B. Furniss have been elected 
directors of the Electric Construction Co. Ltd. 


Mr. F. L. Sharpe, formerly managing director of Briggs Motor 
Bodies Ltd., has been co-opted to the board of Vactric Ltd. 

. od E. W. Smith has been re-elected President of the Institute 
of Fuel. 

Captain E. C. Eric Smith, M.C., has been elected chairman 
of Rolls-Royce Ltd. 

Dr. Colin J. Smithells, M.C., has been appointed director of 
research of the British Aluminium Co. Ltd. 

Sir Frederick Stewart has been appointed deputy chairman of 
the North British Locomotive Co. Ltd. 

Mr. C. W. Taylor, A.R.C.S., D.I.C., F.1.C., M.I.Chem.E., has 
relinquished his position with the Ministry of Aircraft Production to 
join British Industrial Plastics Ltd. 

Mr. Maurice Tollit has been appointed a director of Guest, 
Keen ge! Nettlefolds Ltd. 

Mr. R. C. Turner has been - cca manager of the services 
sales Miviton of British Timken 

Mr. W. M. Watson has Gas elected a director of Herbert 
Morris Ltd. 

Brigadier George S. Harvie Watt, M.P., has been elected a 
director of the Birmingham Small Arms Co. Ltd. 

Mr. D. P. Welman has resumed his duties as managing director 
of Koster, Yates and Thom Ltd., after being released from the 
Ministry of Aircraft Production. 


BUSINESS CHANGE 


Messrs. Aviation Developments Ltd., Welwyn Garden City, 
manufacturers of the Chobert system of blind riveting, Pip Quick 
release pins, and Di Shear and Cowling fasteners, have opened a 
new London ot, - Kingsbourne House, 229-231, High Holborn, 
London, W.C.1., : Chancery 8601-2- 3; Telegrams : AVIDEV 
HOLB LONDON. Chine new office will deal with sales, service and 
administrative work, and members of the development staff will give 
there information and advice on matters rs appertaining to base ir products 








"NEW ‘EQUIPMENT 
TYPE P COMBUSTION CONTROL EQUIPMENT. 
A NEw system of combustion control has recently been developed 
in the U.S.A. by the Leeds & Northrup Company. 
Applicable to boilers fired with coal, oil or gas, this system, 
known as Type P, continuously proportions fuel and air to steam 
demand, and at the same time, controls furnace pressure. To 


HEAT | 
TREATMENT 
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ON APPROVED LIST @ Case Hardening and straighten- 
OF ing up to 8 ft. long. 
Hardening all Classes of Sub. and 
AIR MINISTRY High Speed Steel Tools, Bake- 
AND ADMIRALTY lite Moulds and Press Tools. 
Hardening by the Shorter 
Process. 
Cyanide Hardening, Capacity 3 
tons per week 
Springs: Any size, shape or 
quantity. 
Aluminium Alloys Heat Treated 
to A.I.D. Specifications. 
Heat Treatment of Ailoy steels 
up to 10 ft long 

Heat Treatment of Meehanite 
Castings, etc. 

Crack detecting on production 
lines. 

Chemical Rustproofing (different 
colours) to A.I.D. and other 
Specifications. 
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regulate fuel-feed and draft (either forced or induced), the system 
provides a simple electrical balance (using the Wheatstone Bridge 
principle) by which the settings of valves, dampers or vanes are 
varied in definite proportion to steam demand as directed by a 
Master Controller. The remaining draft damper or other device 
is simultaneously regulated by the Furnace Pressure Controller. 

If for any reason the operator does not desire full automatic 
control, he can move any of the drive units from push button 
stations. Without leaving the panel, he can switch fe rom (1) full 
automatic control to (2) base load control, and regulate air supply 
from a single push button, with fuel supply automatically following 
in the proper relationship and with furnace pressure automatic. He 
can, as easily, (3) regulate both air and fuel from push buttons, with 
furnace pressure automatic. Or (4) he can switch to complete push 
— control and regulate each drive unit separately from the 
panel. 

This independent operation of drive units allows the controllers 
to be serviced without interrupting boiler operation. Except for 
drive units, all equipment can be shipped on an easy-to-install 

anel. Or if preferred, equipment can be mounted on a complete 

oiler panel—along with draft gauges and other instruments. 
Drive units are connected to panel by simple conduits which any 
plant electrician can install. 

To learn more about Type P Combustion Control, write Leeds 
3 Northrup Company, 4934, Stenton Avenue, Philadelphia 44, 

enna. 





The Cope. Improved Collet Chuck.—A 4-page leaflet issued by 
W. Compton Cope, Jobs Lane, Coventry, gives a description and 
some illustrations on the collet chuck marketed by this firm which 
is covered by Brit. Pat. No. 560, 250. Patents in different foreign 
countries are pending. Salient features of the Cope Improved Collet 
Chuck were given in the Techn. News section of our journal, ante. 

vay ape ad Engineering.—A well-illustrated 24-page booklet 
issued by the T. B. Andre Rubber Co. Ltd., Kingston By-Pass, 
Surbiton, Surrey, presents in convenient and. readable form, in- 
formation on the immense scope of rubber-bonded-to-metals in 
every branch of engineering. Some of the technical data and appli- 
cations described are particularly noteworthy. Copies of the pub- 
lications may be obtained free on application. 

Automatic Temperature Control Appliances for Re- 
frigeration.—Control of brine-cooled cold storage rooms offers a 
wide field for automatic temperature regulators in refrigeration work. 
Automatic temperature regulators conveniently placed either at the 
end of the brine coil or in the brine supply lines to the various cold 
storage chambers offer a simple and efficient form of controlling 
automatically the room temperature, irrespective of fluctuations in 
outside temperature or of load. 

Particularly where a gradual step-by-step rather than an on-off 
control is required, liquid-filled self-operating regulators do the work 
accurately with the minimum of attention, being fully independent 
from any source of power. The Sarco Thermostats Ltd., Alpha 
House, Cheltenham, has developed a range of automatic temperature 
controllers for application aboard ship for drinking water esti goes 
control, food cold storage in abbatoirs, on brine section of mil 
coolers in dairies, for air conditioning plants, and others, and in 
will be glad to supply detailed information on such devices. 

Maintenance Instructions for Air Break Circuit Breakers. 
—J. G. Statter & Co. Ltd., Electrical Switchgear Manufacturers, 82, 
Victoria Street, London, S.W.1, have issued a 20-page Instruction 
Manual to be supplied free upon request to all users of Air Break 
Circuit Breakers of their manufacture. The serial number given on 
the rating plate of the Breakers should be quoted. 

Olsen Hardness Testing Equipment.—An 8-page bulletin 
issued by Edward G. Herbert Ltd., Machine Tool Makers, Atlas 
Works, Levenshulme, Manchester, 19, presents an illustrated de- 
scription of Olsen British built Brinell Hardness Testing Machines 
manufactured in this country under licence from the Tinius Olsen 
Testing Machine Co. of Philadelphia, Pa., U.S.A. 

A second leaflet issued by Edward G. Herbert Ltd., features their 
Rapidor heavy duty production hacksaws and the Ra idor Man- 
chester light duty hacksaw. Delivery of belt driven machines is now 
being made ex stock. 





The Institution of Engineers and Shipbuilders in Scotland, 
39, Elmbank Crescent, Glasgow, C.2. 

Fripay, 22nd September at 2.30 p.m. Opening of the Autumn 
Meeting by Admiral of the Fleet, the Right Hon. Lord Chatfield, 
G.C.B., O.M., K.C.M.G., C.V.O., President of the Institution of 
Naval Architects, and Mr. Murray Stephen, M. C., B.A., President 
of the Institution of Engineers and Shipbuilders in Scotland. 

Elections. 

‘“* Longitudinal Banding Moments,” by J. Foster King, C.B.E., 
LL.D., Hon. Vice-President I.N.A., and Hon. M.I.E.S, 
“Methods — ai he Charges for Services to Shipping,” by 
J. Tutin, D.Sc., M.I.E.S. 

a = 6 p.m., “ Timber in Shipbuilding,” by B. Alwyn Jay, M.A., 
The Institution of Heating and Ventilating Engineers, 
21, Tothill Street, London, S.W.1. 

WEDNESDAY, 6th September at 6 p.m. “ Unit Heaters,” by G. 
L. Copping, A.M.I.Mech.E. 

WEDNESDAY, 20th September at 6 p.m. “Trend in the 
Development of Heating Installations for Domestic Purposes,” 
by Professor Sir Alfred Egerton, M.A., 

(Both Meetings to be held in the Lecture Hall of the Institution 
of Mechanical Engineers, Storey’s Gate, London, S.W.1.). 
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